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PREFACE 



The cooteota of the fourth volume of Harvey Society Lac- 
tam (umiah a itriking example of the many pointa of c<Hitact 
between medicine and the collateral sciences, including as they 
do oddresKS on heredity, immunity, chraniatry, and oamoois. 

The Editor wiahea to express, as in previous volumes, his 
obtigatioDB for permission to reprint those lectures which have 
already been published in the medical jonmala : To the Medical 
Becord for permiasion to publish Dr. Colmette's lecture; to 
the Archives of Internal Medicine for permissitKi to republish 
the lectures of Dr. MacCollam, Dr. Luak, Dr. Falta, Dr. An- 
dertoD and Dr. Roaeoao, and Dr. Hisa; and to the EiSncet 
for pefmission to republish Dr. Lesthes's lecture. The latter 
part of Dr. Hacallum'a lecture appeared in the Transactions 
of the Royal Society of Canada. The lecture by Dr. Davenport 
has not previously appeared in print 
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i INTESTINAL INFECTION AND IMMUNITY 
IN TUBERCULOSIS • 



PROP. A. CALHETTB 

Dinetor of Uw Paabiar In«Utulo of Li 
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PEBMIT me to ezpren, fint of all, my latitude for thfi 
great hoaor wbiob yoti hftvv bt«towed upon me in invitinK 
i to discuM before your iUiistriouH wiciety the present statai 
i of our knowI«dg« of the rdle of the digeKtive tract in tubcrculoun 
infection and in immunizatioii againiit tuberciiIosiB. 

Por aeveral years thifl question has been the principal objaet 
of my laboratory reaearcbm, which 1 have punued with the aid 
of mnae of my acholani, particularly of C. Oii^rin. It baa en* 
figcd the attention in an eqaal degree of a large number of 
workers in every country. There are but few of greater inter- 
e0t, aa the diacaaaiona of our recent congress in Washington 
will bear witnen. 

I do not pretend that I can eaat suAlcient light npon thia 
qoertion to warrant os in expecting in the very near fntun 
the establkhment of a method capable of protecting humanity 
■gstort tlie moat terrible of the aeourgea which desolate it. I 
do wish, however, to make an effort to acquaint you with the 
principal experimental faeta apon which we can build to-day 
ao as better to oomprehend the mochaniam of the taberoalouB 
infection, and 1 trost that you may be brought to regard the 
bopea which have been raised so many times in vain, aa at least 
partly realizable. 

It is forty-three yaan dnee TiUemin aonooneed that tuber- 
eoloau is inoculable and oootagioaa, and twenty hox years separ- 
at« na from the mmnorable epoch at whidi Roboti Koeb, dia- 
t and eoltivating hia baeillaa, i 
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of its specificity. Notwithstanding the enormous accumulation 
of publications in the laat quarter of the centtiry, we are still 
but very imperfectly informed upon the respective importance 
of the different ways by which the virus of tuberculosis can 
penetrate into the bodies of man and of susceptible animals. 
Until lately, the greater number of scientists, eliniciajis or ex- 
perimental workers, have considered as an indisputable dogma 
the respiratory origin of pulmonary tuberculosis, and the cele- 
brated debates which took plfice at the International Conferences 
at The Hague in 1906 and at Vienna in 1907, and since then in 
various learned societies, are so fresh in your minds that it 
would be useless to recall them. It appears, however, that the 
impression that a final decision had been reached is not correct, 
and that, as is always the case, the truth lies between two 
extremes. 

If it appears undeniable that in certain probably very rare 
cases, direct infection of the lung takes place through the 
respired air, notwithstanding the many and very efficacious 
natural defenses which line this route, it is also manifest that 
the path to tiie pulmonary parenchyma normally followed 
by the tTibercle bacillus is most often through the lymph- or 
blood-vessels, the great portal of entry being the digestive tract. 

Experimentation has shown that to effect primarj' tuber- 
culous infection of the lung by the air, it is necessary to place 
tiie animal under pathological conditions, as has been done by 
Nocard. Fliigge, and, more recently, Euss, in immobilizing the 
animals so as to oblige them to breathe for a long time an atmos- 
phere charged with infectious particles, liquid or dry. Very 
fine spray is certainly dangerous, above all for young infanta, 
and it is evident that pneumonia with early caseation and acut« 
polmonar^' tuberculosis of infants are almost always of respira- 
tory origin. When a mother or a nurse, the subject of an 
active pulmonary tuberculosis, coughs or sneezes at a short 
distance from the lips of an infant breathing through its opm 
mouth or crying in expectation of the breast, contagion by 
inhalation is all but fatal. But this mode of infection is cer- 
tainly exceptional for the older child or for the adult. 
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INTESTINAL INFECTION IN TUBERCULOSIS IS 



Infectioo by dost laden with bacilli ix mora Rxceptiooal 
Rtiil ; u)d the poaitive reaulta of Comet, tat well as tbcae of 
Komi, aeeompliahed by shnttinK Dp the immobilized animaU in 
•a iodoaed apace, in an atmosphere of talcum powder or of the 
dftira of Tej:etable fibrea mix^d with dried ttptitum. invalidate 
ia BA way the much more numeroiu negative rr«iilta described 
by BMinKarten, Tappeioer. Cadeac and Mallet, and Petemon. 
■ad by myself with Vannteenber^he. 

DoM not. however, the normal aaepntg of the reapiratory 
tract attest strongly the protective efficiency of the dcfenaiTe 
appamtna of thin region, when not affected by pre-esiating 
leaiona of the nasopharynx, of the laotii- &od of the larger 
brooehiT 

The primary Iniona of the tracheal and bronchial nodes, 
which certain authors consider as always related to a mspiratorv' 
iafectioD, i:ait no longer be invoked as a convincing ai^nmcnt 
ia favor of this riew. If it he true that, following the law of 
Parrot, the noiliilar lesion should always be accompanied or 
preceded by one or acvcrol pulmonary tuberclea. there is noth- 
iag to pmre that Ibese last must be of aerial origin, since they 
make their appearance with great frequency in ontmola artifl- 
alaUy infected throu^ the digmtive tube. Breton and myself 
hsTc observed this regalarty upon a great number of guiiieo' 
pifi which had ahsorbed through the rectum or been given by 
■B oaophageal sound, a small quantity of a fine emulsion of a 
pare eaUura of the bacillus of bovine tuberculosis. Theae ani- 
Bab when killed after four or five weeks Ter>- often preaeoted 
DO oUwr leaions than one or two Bup«r6ciaJ tubercles, as large 
aa the head of a pio, in one of the anterior lobes of the long, 
with a eo-axiitiaff axteoaiva taberculons of the peribroocbial 
Ijnpb-DodH. Afl ohaimr who was ifrnoraDl of iha eoodiliooa 
oadtr whkb tiw iofeotioa bad been ezperiinentally prodnead, 
WDuhl nadmibtedty have stated that the Imion waa due to 
fwpiratory iafeetwa. 

It eaa than hardly ba deaied that if primary tubemilflaia 
i or of thf tnehaobnaiebial lymph-oodn by the direct 
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inltalation of particles carryirig bacilli ia quite possible in some 
cases, it is certainly exceptional. 

Quite frequent, on the other hand, but abio less serious, is 
infection of the body through the digestive tract. 

When I state that tuberculosis is most often contracted 
through the intestine, I do not wish to be considered as saying 
that I attribute to the food, and consequently to the milk of 
tuberculous cows, the essential role in the tuberculous infection 
of man. I am convinced, on the contrary, that the importance 
of infection through milk has been very largely exaggerated in 
the last few years. The fact that tuberculosis is so common, 
both in infants and in adults, in countries where the use 
cows' milk as human food is exceptional, for example, in Egypt. 
India, Indochina, and Japan, shows that the propagation of 
tuberculosis from man to man is infinitely more common 
the infection of man by cattle. 

Without doubt the ingestion of the milk of tubereul( 
cows is dangerous, principally for young children, though even 
for healthy adults, and much more for those in whom the 
intestinal mucosa ia not intact, when the ingestion of virulent 
material is frequently repeated. But infinitely greater and 
more frequent is the danger from human bacilli freshly expelled 
from the lung of a consumptive, when these bacilli are carried 
by the sputum to the food or upon the mucous membrane of 
the mouth by direct or indirect contact of the lips, the hands, 
soiled objects, etc., or by flies. The tuberculous mother who 
tastes the dish prepared for her child or who wipes its ff 
with her handkerchief, and the nurse who moistens her bn 
with her saliva, subject the infant in their care to the dai 
of tuberculous infection. The child who handles its food 
crawling about the floor, and the man who wets his fingers 
turn the pages of a book, or to handle type, or who works ffi1 
tools belonging to a consumptive whose sputum contains 
bacilli, may ingest at any moment a number of virulent 
teria; and tiie risks of contagion are much more serious the m< 
abundant and frequently repeated these ingestions are. 

And how can one doubt that the role of flies is partici 
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important and dreadful in the unhealthy tenements where, 
among the sick persons, children and adults, living aide b; side 
in the closest contact, these insects swarm in compact masses 
alternately upon the sputum and upon the food I 

Careful study of the tuberculous infection in animals fur- 
nishes abundant clinical proof of the predominance of infection 
through the digestive tract. 

For example, it is known that the flesh-eating animals such 
as the lion, the tiger, the hyena, sjid the jackal, when confined 
in a menagerie and fed upon tuberculous meat, often became 
infected with tuberculosis, either pulmonary or visceral, whereas 
these animals never show spontaneous tuberculosis in the wild 
state. The dog becomes tuberculous when he swallows the 
sputum of his sick master; the calf, the cat, and the pig contract 
the disease when they arc fed upon milk rich in the bacilli. 

Insistence has rightly been laid, in recent times, upon the 
complete absence of tuberculosis in jVmerican pigs fed ex- 
clusively upon com or other vegetable substances which may 
have been cooked, whereas this disease is extremely common in 
the pigs of our European farms, above all where the animals 
are fed upon the unpasteurized waste from dairies. 

It is evident that tuberculosis thus developed — most, often 
with primarj- lesions in the pleura or bronchial lymph-nodes — 
in pigs fed upon the milk of tuberculous cows, results from the 
abflorption of the bacilli through the digestive tube. These 
ingested bacilli are able to penetrate the intestinal wall, aud 
enter into the blood or lymphatic circulation, and are carried 
about in the body for a greater or leas time before tliey produce 
the lesions charaeteriatic of the tuberculous infection. 

This fact was first demonstrated experimentally by Chan- 
veau. in 1868 to 1872, and then by Villemin, Aufrecht, Gerlach. 
Kleba, Gunther and Harms, and a number of other observers, 
among whom one may mention Saint-CjT. Vispur, Bollinger. 
Orth, Touaaaint. Baumgarten. Rabinovitch. Parrot, Ravenel. 
Schroeder and Cotton, etc. NeverthelesB, certain negative re- 
sults attract attention, particularly those published by Colin 
I (of Alfort) and by Moeller, which seem to demonstrate that 
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animals can swallow with safety large quantities of tuberculous 
material. We now know the reason of this. It is because 
artificial infection through the digestive tract is not invariable 
unless one takes certain precautions which I have definitely 
pointed out in studies with C. Guerin. It is necessaiy to caus^ 
absorption of the bacilli in a divided state so that they r 
finely emulsified, as they are in the sputum or in milk. Undi 
these conditions a single administration of infectious materiu 
is ordinarily sufficient to produce the tuberculous lesions, which 
in young animals most often remain localized for a longer or 
shorter time in the mesenteric lymph-nodes, but which in adolt^ 
on the contrary, appear at once in the lungs. 

In studying the mechanism of the absorption of inert c 
by the intestinal mucosa, I have been able to establish, 
Vansteenberghe, that the same phenomena can be obsen 
The ingestion of finely powdered lampblack, or, better, of Ind 
ink. mixed with the food, produces in the adult guinea-pig t 
typical lesions of anthracosis of the lung, whereas in the young 
guinea-pig the colored granules remain for a longer or shorter 
time in the mesenteric nodes. Sections of the small intestine 
fixed during digestion allow one to recognize tJiese colored 
granules surrounded by leucocytes in the chylous vessels of 
the villi. 

In repeating our experiments upon this subject. Sir William 
Whitia' and Symraers have recently reached the same con- 
clusions; and these workers have described an ingenious pro- 
cedure which permits them to produce simultaneously tuber- 
coloais and anthracosis of the lung or of the mesenteric nodes. 
This procedure! consists in causing young or old guinea-pigB 
to swallow an emulsion of tubercle bacilli and India ink in olive 
oil. 

Experimentation upon large animals such as cattle permits 
the determination with still greater certainty of the path which 
the tubercle bacilli follow to the lungs, if the animals are sacri- 
ficed, aa in my experiments with Guerin, at successive iutervals 

' The Etiology of Pnlmanuy Tuberculosis. Cavendish Lecture, 
1908. Laaeet or British Medical Journal, July 11, 190B. 
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'fnm the time of & single ingestion of the infectious niat«rial. 
One can thuti cDavmiw binisclf, ait has been shown by Chauveau, 
'Afterwards by DobrokJowski. that tht«<.> ba«:illi pcnctrat« the in< 
mueoaa, even when this is entJrt'ly intact, and that they 
ly leave no trarc of their passage. They are trana- 
by the polynuelear leucocytefl from the chylona vesneU 
of the villi to the nearest mesenteric nodes. 

Id snelding animals and in young infants, they are fre- 
qaenlly retained in the lymphatic organs whii^h act as an almost 
perfect filter for the lymph. Sometimes they are dratroyed 
in the nodes; sometimes they give rise to tubert-alous leaioos 
which, developing towards caseation, throw olT their microbe* 
into the efferent lymphatic canals, or oceasionally into the 
peritoneum. 

In older subjects, in whom the mesenteric nodes — as has 
been sbowo by Weigert — are much more permeable, the bacilli, 
ahriTi surrounded by polynuelear Icucoeytes. use carried with 
tha lymph through the thoracic duct a« far as the right ventriele 
o( the heart, and thenoa forced into the capillaries of the long. 
If the Iraoooytea canying the bacteria have lost their ameboid 
oioTBmeDt becaose of the intoxication resnlting from the tuber- 
culin secreted by the bacilli, they arc incapable of penetrating 
the walla of the capill&nes by diapedcsis, and they then give rise 
to fine emboli wfaidi become the starting point for a correspond- 
ing number of tuberculous lesions at the expense of the eo- 
dothalial vascular walla (the gray granulations of Lsennec). 

The tuberculous lesions thus formed go on later to calcifl- 
eation or to caseation. In the second case, where the ieaeoeytet 
do leave the captUarias, the tubercles drain into the alveoli or 
into •ome lymphatic vessel or vein, more rarely into an artery. 
Thaf thus bring aboat a dijaeminalioa more or )e« rapid and 
nan or less rnn, of the virus into other parts of the body. 

In my mearcho with OuMn, I have always lieen able to 
■bow the extreme frequency of adenitis of the tracheobronchial 
I^umIs in young cattle, when the bseilli hav« penatrated the 
fitsr formed by the mcMoleric nodes, and have reached the 
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lung. This adenitis is in constant relation with one or aevi 
tuberculous subpleural lesions which it is easy to discover. 

The digestive origin of these lesions is entirely evid( 
We have reproduced them many times and Vall^ (of Alf( 
has also obtained them, either by feeding calves on milk proi 
to be from tuberculous cows, or by inoculating the bai 
directly into the mesenteric nodes after laparotomy. 

Further, we have observed in some of our animals infecl 
through the digestive tract, primary localizations of tube] 
losis in other oi^ans than the mesenteric nodes or the li 
We have seen these appear under the form of pleurisy, 
arthritis, of orchitis, and, in one very remarkable case ia a 
young kid, of iritis. These exceptional localizations occurred 
only in anlmak infected by a single administration of small 
quantities of bacilli. One can suppose that these, because of 
their email number, had remained for a long time in the circu- 
lating blood, carried about by some polynuclear leucocytes, 
that they had finally established a tuberculous lesion only 
the oi^an where these leucocytes were when they succumbed. 

Whatever interpretation may be accorded to these facts, iT 
remains certain that so-called primary pulmonary tuberculosis 
and many other forms or localizations of tuberculous infection, 
manifestly result in a great number of cases from the penetra- 
tion of the poison through the digestive tract. 

Partisans of the theory that infections by inhalation pre- 
dominate, above all Pliigge in Germany and Kjiss in France, 
bring forward the objection that in order to produce tuber- 
culosis experimentally by ingestion, it is necessary to cause the 
animals to absorb thousands or millions of the bacilli, whereas 
a few individuals alone suffice to produce tuberculous lesions 
of the lung when they ore inhaled. Those who think thus 
forget too often that among the millions of ingested bacilli there 
is only a small number — undoubtedly only a few individuals — 
which 8u(^!cced in penetrating the intestinal mucous membrane, 
and that the greater part of those which break through are sub- 
sequently destroyed in the mftscnteric nodes. Finally, there 
aro only a few which ore carried by the leucocytes as far as the 
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^^iaw of lymph in tJie Lhoraric duct or aa thu cApilUries of the 
]iui|r«. But thuw l)a«t«nii which attain these Bituations estab- 
liah the intrtTascuJar tuberculous formations so well il««cribed 
hy Bom>], and laU-r by Lctulh-. thi- »low dvvelopmeat of which 
in meoewve slepa finally givea rise to phthisia. 

It «> nuuiy phj'siciaJis Htill pcniiiit in believiag that man 
bcbavn dilTervntly from anJmalfl in the face of tuburculoua in- 
fectioD, it ia perhaps because tht* old ideas on miiuma Ktill weigh 
Upon our brains. Without dmibt, ftome amouK us have esog- 
prated the importance and the frequcucy of the infection of 
man by milk, and those who contend to-dny that tuberculoaia 
I contracted tfarouicb the inleatine more often than through 
I the respiratory tract, t>esr the burden of thcsu vxa^gcmtiona. 

We mu«t proleat also againat thia tendency to identify 
W4»ltitinai origin with alimentary origin. Il is very crrtaiD 
f that for our spevim the human patient is — I cannot repeat this 
r with too much emphasiit — the principal factor in the diBwmina. 
of Inlierculuaia. But I believe it nocesaary to declare 
■troogly that while man can exceptionally contract tuberculoais, 
above all in infaney, by the inhalation of the bacilli, he coo- 
tracta it much moru often by intestinal Btworption, repeated 
fiwiaeoUy for a long time, of tome of these same bacilli freshly 
tkroiro off by « eoimunptive. 

At the CoBgrtH of Veterinary AlediciDe at Caascl, on Sep- 
tember 26, 1903, VuD Behring advonoed the theory that pui- 
Bonary tuberculosis of the adult nii^ht well be merely a lardy 
naolfcatation of a tnbereuloiis infection contracted in infaney. 
Be laid emphaaia to support this opinrao upon the freqaency 
with which pulmonary lenotti ar« ohwrved in adult cattls. 
wbemu in young eattle the mesaileric leaioiw are the moit 
^Hirtqnent. 

^^H My esprimeals with Uu^rin, and also Ihoae of Vall^ (of 
^^BftUort) have shown the inoccurscy of so absolute a sLatement 
^^rVe kncm to-day that a primary pulmonary taberenkma coo be 
^K^radaeed id adnlt cattle, goats, monkeys, and gniDea>pigi^ by 
^^K JhedJog these animals un infected material ooee or flvrenl tfanoL 
^^M Siiiee infeotion by tbs digestive tract is m amy, that b 
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reason for astooishmeDt that tuberculosis is not a still i 
widely spread and deadly disease among live-stock than i 

Now Uien, veterinarians and stttek breeders have frequently 
stated that certain animals remain immune, although they hare 
been in contact for years with animals suffering from the dia- 
eaae. More often atill it happens that cattle react sharply i 
tuberculin at the first trial, cease to react a little later, i 
retain all the appearances of the most perfect health. 

Must it then be admitted that in the first subjects the 
tuberculous poison has not been able to gain a foothold, and 
that the second are capable of complete recovery after a first^ 
attack! Here again, experimentation will enlighten us. 

When we compel young calves to swallow, in a single conf 
taminated meal, a small dose of tubercle bacilli of bovine origi 
which have been very finely divided in order to facUit&te thei 
absorption, we notice that all these animals, witliout exceptioi 
contract tuberculosis. They react, on an average, thirty day»B 
later to the tuberculin test; and if we test tbem again each 
month following we find that after three, four, or five months, 
some of them cease to react. On being slaughtered these I 
present no tuberculous lesions, and if, having saved them, i 
attempts to reinfect them a short time after, by making thei 
absorb a fresh dose of poison certainly capable of infecti: 
other calves of the same age, one finds that they remain immune. 

These animals then have really recovered from the primal 
lesions, and they should be considered as vaccinated, at leu 
during a certain time the duration of which is still undecided. 

On the other hand, if we administer to calves, not a sin^ 
time but ia several successive feedings, at close intervals, I 
series of small doses of the bacilli, not only do they never c 
to react to the tuberculin, but we find that in them tuberculoi 
develops very quickly and becomes rapidly fatal. 

It is thou the animals which are exposed to a series of s 
cessire reinfections, so close together that they have not tim 
to recover from the first att«ck, which become definitely i 
fatally tuberculous. 

We understand from this why, onder conditions moderate 




Pill 
T] 



INTESTINAL INFECTION IN TUBERCULOSIS iS 

pRdttposing to infection, certain Kubjects resist contagion for 

iooger or shorter time : it is because they have actaally been 

or rt-nder^d iiiitiUK^cptiblv by a prerioiu attack, tb« 

if which had time to heal before a new occasion for 

iDffttioa offered. 

It is not eauy to farnUh proof that this atate of immonity 
acquired by a previously succeosfnlly resisted attack eiists 
abo in man. ProloDK<-*d clinical oliiwrvation of old cawi, how- 
«Ter, pennita uh to afBrm that it is, at least in many cases, very 
probable. It appears specially evident in old coses of acrofu- 
Una lawns, and since the statemeiiU of Morfati in 1886, numer- 
oos doetors have described it. 

One mast infjuiro whether this is a (jueation of a true 
taamDnity, of longer or shorter duration, supported not only by 
Ote abocnoo of the reaction to Iiilx.'rculin — which is not autll' 
cicat demonstration — hut also by the uon-pemistence of th? 
lent bacUli in the different groups of lymph-nodes in the 
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The experiments which I have carried out upon this subject 
Ifith Onirio dentonstrate that ut the end of the fourth month 
•fler the ingesbon of thv bacillary vnceinc, a lymph-node is no 
koger Timleot for the guinea-pig. Thi^ bacilli have then been 
absorbed and have oonipieti-iy dixappearrd. 

We have attempted to prove the resistance of animals thus 
nceinsled through Uie digntivu tract, with reference to an 
intraTeooos inoculation so serious as surely to produce in the 
eontrol labjecta the rapid development of an acute miliary 
lobtrcDloais with death in four to six weeks. This proof has 
bean aeeomplished in six cattle, eight and twelve months after 
tlH administration of tfa« voeciDo. All the vaccinated animals 
were resistant and preserved the appearance of the most perfect 
hraMh But suddenly, about eight months later, one ammig 
them, oltboagh slrict isolation was maintained so that infection 
tnm on oataide Bourc« was impomible, manifested the flrot 
of a serious tubereuloots of the adder. All the otben 
then alaogblered ; they did not react to tnbereulin, nor did 
dww any rUUe taberetdoos leaioos, but their bronchial 
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and mediastinal lymph-nodes still contained living bacilli whii 
were virulent when inoculated into guinea-pigs. The baeil 
which had been injected intravenously, then, were not absorbed 
after eight months, whereas the bacilli which had previously 
been introduced by the digestive tract were not discoverable at 
the fourth month. And these bacilli remained latent in the 
body, not exciting any pathological trouble, up to the day 
when, the immunity ceasing, they became capable of suddenly 
producing disorders more or less grave. 

Prom other experiments we are able to state that the cattle 
already suffering from benign tuberculous lesions and reacting 
to tuberculin, or that healthy cattle prepared by two or 
large lutraveuous injections of tuberculin, manifest a resistant 
entirely exceptional to the severe tuberculous infections 
place through the veins. While the new subjects succumbed 
to the acute miliary tuberculosis in four to six weeks, the ani- 
mals already tuberculous or prepared as I have above described 
contracted constantly a chronic form of tuberculosis with a vei 
alow development. They showed, then, a resistance, ineompi 
biy superior to that of the healthy animals. 

One observes the BEime phenomena in cattle artificially Ot 
spontaaeously tuberculinized through the digestive tract, wheo 
one inoculates tliem later with a culture of tubercle bacilli aub- 
cutaneously. Thus Koeh had already described in the tuberci 
lous guinea-pig, at the time of his 6rst work upon tuberci 
the formation of an abscess at the point of inoculation, but 
neighboring nodes did not become infected, and the abaci 
healed when it opened on the surface. 

Analogous facts are frequently established in clinical 
on man. Every one knows that a local tuberculous suppuratit 
occurring in u person with pulmonary tuberculosis, ameliorat 
the condition of the patient and considerably increases his 
siatance. Inversely, it is rare that patients in whom pulmoni 
tuberculosis ha« had a rapid development have been attacl 
previously by suppurations of the lymph-nodes, or bony 
cutaneous tissues, except in the cases where an inopportune si 
gical operation haa provoked an infection of the blood. It is 
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weU-ktwwn fact thst about fi quarter ot the peniunB sulTering 
from lapu« pment the auscultatory aigiu characteristic of 
pulmonary tubcnrutuaui, and lliat t\niK K^iiitralty develop in 
tbem with nry gnml »1owup»i; UkcwiHe that many lupua 
I patienta live to an advanced age. 

\ It ooe rocalla that errtain clinicians have pretended to 
I ohtaiD in pfathiaieal patients real amefioratioa follotving tbu 
•ubcabuitKiufl inuculation of cultural of virulent bovine tubercle 
baeilU (F. Kleniperer). ur of deat] bacilli ( Maragliano ) , or of 
eultnrea of human tubercle bacilli modified by patsago through 
thi; body of a cold-blooded animal (crocodile) (Mueller) the 
experimental facta of which I have junt Bpaken are of a nature 
In juatify such aaertLona in a certain measure. But HUch a 
tberapeotie method n certainly to be condemned ; and mo much 
thm man beeaoae we prwww in tuberculin a meana as efficacioux 
•Dd Imb dangerous of attaining the same end. 

Cpoo the whole, th« rewstanc* conferred by tuberculin and 
tlwt which ia obaerved in animals or in man already attached 
hjr beaign fomis of taberooloais (tuberculosis of thff lymph* 
nodes or scrofula, tuberculoats of the bone, or of the skin, lupus) 
appear to be of the same nature as that which ia artificially 
effected, whether by intraveoous inoculation of human or bovinn 
bacilli, following (be oictboda nf Behring or of Koch and 
SchtUtz. or by subcutanruus iuoculatiou of the same bacilli 
(Ligni^rai. Arioing), or by the insertion uudirr the skin of coUo- 
dioD aiM containing rultum of human or bovine tuberculosis 
(Heymans). 

In «ach of these casos it is not a question of true immunity, 
riaee tb* animals ibua prepared. altbouBh not giving tlie tuber- 
flolin reaction, mnain indeflnitety carriers of living and virulent 
basUU, and these am capable when the resistance begins to 
diwinMi of giving rise in the bodies of tbeae tane animals to 
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Let OS rteaU, indeed, on the one side, that in the experimenti 

Mdno (1906) on animals vaccinated with the " boTOTaeein" 

Bahting, the inoculated bacilli wvro proved not tn be abeiH'bed 

«ttd of six moDtlu (Vall^ and Boasifuol, Mossu), and. 
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on the other hand, that Boux and Vall6e have demonstrated 
that vaccination intravenously or subcutaneously does not pro- 
tect against infection. 

On the contrary, the experiments which I have reported 
strongly support the statement that by the intestinal absorp- 
tion of a weak and single dose of tubercle bacilli very finely 
divided, one can obtain at the same time the total absorption 
of the bacilli in the lymphatic system, and a state of immunity 
such that the animals are insusceptible, during a year at least, 
to large infections through the digestive tract. 

Of course, we are not concerned here with a method of 
vaccination which one could think of employing in preserving 
the human race from this terrible scourge of tuberculosis. It 
would be rash to consider as very near a definite solution of this 
sort. But so difficult a study can proceed only by stages. Fol- 
lowing Villemin and Robert Koch, who have laid the founda- 
tions upon which we build, a great number of research workers 
have brought their stones. Others will follow, and the work 
will be accomplished for the glory and for the salvation of 
humanity. 



FEVER* 
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JohiM HopkinH Univenity, Baltiinora 

[^BOU the Mrliest time* fever with all itx remarkable sTinp- 

u hwa familiar iiut aaly to physiciaua but even 

' to the general public, and the t«rm i» one ho honored by ag« 

ud by tfao good that must conaequeiiUy inhere in it, that it eau- 

Dot be diacordcd or dismembered. It is, ncvertheltwi, very 

difflotUt to define this conception clearly because even yet w« 

' an unable tu say with certainty at what point the direct cffccta 

I of tile cause of the dM^awe end and what really belong to the 

fffver. For, although the elevation of the body temperature 

ii vaa of the most salient poiuta, it ia by nu nwans tlie only char- 

L ■cteristie nor in it itself alwayii to bn regarded as an infallible 

■viga of fewr, for such elevation of temperature may occur in a 

r bealthy person, if, for example, he be immersed In a 

■ot bath. There arc other readily reoogaixahle signs of fever, 

•uoh as tUrst, and weakness, and alterations in the character 

of the urine, but it in difficult, indeed, to be aure what part 

of each of these ia produced by the bacterial poisons that cause 

the diaeaae, what part by the fever itself. Kraua,' in hts recent 

nricw, baa, on this account, written of fever and infection 

tot«tber. 

It is clear, from the fact that the ideas that prevail as to 
its genera] character are so uniform throughout the world, that, 

too matt4>r what th« nature of the diaeaae that bringa fever with 
it, the fever itself is the same. Somettmes it is ushered in with 
a chill, sometimes it begins gradually; it may be coiurtant or 
intermittent ; it may end abruptly or slowly disappear — but 
•Iw^i it ia reeognizaUe aa fever. Therefore, it seenia proper 
that wa iboald ipeak of it aa the febrile reaction— aa ■""'■'fcitg 
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characteristic of the body and not of the disease, and it is from 
this point of view that I shall consider it. The significance of 
this reaction I shall discuss later after reviewing the facta 
ceming the phenomena which are pecniiar to it and the 
heaval in the whole economy of the body which accompanies 
We shall be particularly interested in comparing it with othw 
reactions, for it is evident to the most casual observer that 
nearly everj'thing that affects the body at all ia responded to 
by some sort of reaction, and that most of these are proc* 
which have been evolved in order to maintain the Ufe 
health of the individual. For example, the swallowing of 
is followed by the most complicated reactions — muscular move- 
ments comminute it, ferments are secreted to digest it, changes 
in the whole metabolism follow its absorption, and so on. Ex- 
posure to heat or cold, hunger or thirst brings into play pro- 
tective reactions which regulate the body temperature or cut off 
the lavish expenditure of foodstuff and water still stored in ths 
body so as to protect and prolong life as far as possible. 
deed, it would be difficult to produce such a state of repose tl 
none of these responses would be in progress. 

TEUPEBATURE REODLATION. 

Perhaps the most striking characteristic of fever is the e\9* 
vation of the body temperature above the normal. The fae 
that in certain classes of animals the temperature of the bodT*! 
is maintained uearly at a fixed level is in itself a matter t 
arouse our wonder and interest, and the reason for this regi 
lion of the temperature above that of the surrounding atmoi 
phere (for even in the tropics the average temperature is fl^ 
below that of the body), and for the constancy of its lefl 
would afford much material for discussion, With the esceptioi 
of mammals and birds, all animals seem to be devoid of a 
such mechanism and are in consequence poikilothermic' Till 
temperature of their bodies, like that of inanimate substance 
quickly adapts itself to that of the surroundings, i.nd heat prfl 
duced in the course of their metabolic processes is at once disa 
patcd, the more rapidly the smaller the animal on account of it| 
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I relatively prater ndtatjn^ mirfsw, lu mammalH and birds, 

however, there are special arranKninPiitH for preventing aach 

I of heat, or onder olber clrcuioHtAneefi of facilitating it. 

lu Um devdopmeot of the sweat glanda in somu aaimala 

iffordi tbem an asp«ctaUy effective method of cooling off ths 

, iriiilo the too great diaaipation of heat is prevented in 

V by the thick layer of aulKiitaiieoiu fat or the eovering 

' of hair or feathen. Man alone finds it Deceasary to reaort to 

I artificial modifieationo of the lemperatnre of the air and to 

■rtiSeial prolection in the form of clothing. It may well hv 

t matter of Hpeculatjon aa to whether after all, it was not thia 

I Deed of artificial heat regulation which broogfat about our snd- 

I deoly acquired knowledge of good aod enl rather than the 

\ reverse, as ia so generally eoitc«^ed. 

Different aniauia have, of cotime, different standards of 

mperalure and even for one specint there are slight individual 

Variatioiu; oor ia the temperature uf various parts of the body 

the same, largvjy because certain portions are mon> protected 

fftom Ion of beat than others, but partly also because, aa it 

I. bemt ia more abundantly produced in certain organs than 

1 otben. This point may be disciimed more advantageooaly 

Br, but here it may be said that thia inequality in local heat 

etton ia enntinaoualy eompenaated by the rapid heating 

I blood wbid) eomoi into such close contact with thcae 

■ and then burrin away to warm otben. 

AJtbongh the variations are relatively alight, even warm> 

i aDimalfl are subject to changes of a periodic character 

T tcnpenture. This is particularly notin-alile in birda, 

eb there ia a coiuddersbln fall of temperature during the 

I have ob«rred that to norma) cromn the curve of tb« 

nperatare, when taken every three hours, shows a retpaUr 

lily variatifHi of 3* F. or mon-, the minimum temperature of 

' P. being recorded at midnight or at 3 a.m.. while the 

uaiimum uf 108* P. is reached at 3 o'elork in the afleroooo.* 

To a oerUin eitent, than, the crow must be regarded aa poikilo- 

Ihamie. But aveo in hiunaa bdafi • limilar periodic fluettia- 
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tion of not more than 1.5° C. is observed and has been recorded 
in the form of curves by Jiirgensen,* Benedict and Snell,"^ and 
others. In these curves, as in the case of birds, the lowest tem- 
perature occurs in the early morning hours, while the maximum 
ia reached in the afternoon. In addition to the effects of bodily 
activity of all sorts during the day, it seems possible that there j 
may be causes of a more fundamental character, perhaps evattj 
a rhythmicity in the regulation of the temperature, which n 
tains this uniform curve. 

That the temperature of the body is not kept at a perfectl; 
constant level is shown further in the temporary alterations -* 
which can result from outward infiuences and the exercise of 
bodily functions in the normal individual. Slight elevation of 
the temperature may follow the taking and digestion of food, 
and muscular work, if violent enough, may result in a distinct 
rise in temperature. Ordinarily, however, in freely moving 
normal animals, such changes are insignificant and compensated 
at once by the regulating mechanism, and if we observe a 
marked elevation of temperature in the course of violent muscu- 
lar activity, it is probably because the normal compensatory I 
dissipation of heat can not take place rapidly enough to keepfl 
the body cool. Interesting examples of this are found in* 
tetanus and the status ppilepticus, in which very high tempera- 
tures are sometimes observed, I had the opportunity recently 
of following the temperature in a dog in which after parathy- 
roidectomy the most violent tetany developed with intense spas- J 
modic muscular contractions affecting the whole body. Thai 
temperature, which had been 39° C, reached 43.2° C, duriogJ 
this attack, in spite of the fact that the respiration had becomS'l 
extremely rapid (300 to the minute). The administration off 
calcium acetate stopped the convulsions in a few minutes, and | 
within half an hour the temperature dropped to 38.9° C. 

Exposure to excessive heat or cold does not, as a rule, alter 1 
the temperature of the normal animal unless the exposure if I 
BO protracted and the difference in temperature so great that I 
the mechanism of heat regulation finally becomeB inadequate. J 
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rAl n certain limit the control ia overpowered and tho animal 'n 
I tempenttare riaea or Kiukii, m the cnae may he. 

ThnM? pxoeptioQB to tlie normal mnititeoance of a practically 

L eonstAOt bod>- ti^mpcmtun-, unimportant and tratuient 88 

[ Ihpy are for the nn^tcr pari. I havo mentioned in order to 

I emphasize the wunderfnl eSiriury of the mechanism of heat 

I rerulatinn. A few words will reeull to mind the neneral char- 

I acter of this mechanism whieh haa at its disposal means for the 

I generation of heat as well as eontrivancM fur the rapid dint- 

a of the heat prodiieed or for itx retention and hiwhanding 

a the body. The control of these matters has Seen clearly 

to mtde itt the brain, for the severance of nervou* eon- 

n with the higher parta of the cerebrospinal system leaves 

1 the body in the condition of a poikilothcrmic animal. Whether 

I tfaia is due. an Tinenrtedt* lends to believe, to the bathing of 

the brain with blood too hot or Ion cold or to the tranamiasion 

f aenntions of heat or cold by the Den-c«, it ia difficult to aay 

rith certainty." Nor are we aatisfactorily informed aa to the 

Ppreeise portiiin of the brain which is concerned in this procsv 

r t»f heat reRiilntion, althoueh the diacovery of many so-called 

L thermoregulatory centres has been reported. That one found 

r Aronsnhn and Sarha* in the anterior medial portion of the 

I striatum has been most generally accepted, and many 

nveatigatora have confirmed tlieir statement that the punctttre 

R area will cause an elevation of temperature which laats 

I daya Thw aort of hyperthermy Itaa been studied a 

t deal in counectioa with fever, and we shall refer to it 

qneotJy. 

le generatino of heat can be effected by the nervous' system 
I muaenUtum either try the prodoctioa of aetual move- 
nenta, indading such as are evident in ahivering, or by the 
brightening of the muscle tonna. Whether the brain by aond- 
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IB tfaii nonoMtioo would be the awnnta study 



i€ haat ragnlaliaa in palieola mttatiof tma qrriaiiomyaUa 
■n fppnmtim of h«M aad eold ia leaL Exetpt for Uh 
of dMuibaaeas nf the raaoiMtecB of the lUn and the aweal i 
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ing out impulses of ao; sort to the muscles or to the other tissues 
can directly accelerate or intensify the chemical processes which 
lead to the production of heat is still questionable. 

The regulation of the dissipation of heat, on the other hand, 
is very directly coatroUed by the nervous system, aod the 
mechanism employed is adjusted with great delicacy. Thus 
radiation and conduction of heat from the surface of the skin 
depends on the calibre of the cutaneous blood-vessels, which c 
be changed within very wide limits by the vasomotor nerves|| 
ia order to keep the body from becoming too warm, whethi 
from excessive production of heat or from the high temperatui 
of the surrounding medium, the skin is flushed with blood, while 
exposure to cold is quickly followed by sueh contraction of those 
vessels that the body surface becomes very paie end the warm 
blood is restricted as much as possible to the interior and pro- 
tected from cooling. Even more effective is the secretion of 
sweat, the evaporation of which keeps the body cool even wheo 
exposed to very high temperatures. In all animals, but espe- 
cially in those which possess no sweat glands, a similar result 
is attained by the exhalation and evaporation of water from the 
lungs, and it is well knon-n that in such animals as the dog 
this is an extremely important method of eliminating heat, the 
evaporation being greatly increased by acceleration of the 
respiration. If, as in the experimeuts of H. Wintemitz,' the 
mechanism for the dissipation of heat can be incapacitated by 
immersing the person in a hot bath at a temperature above ths 
normal body temperature, a curious change occurs in the 
respiration. Apparently there is no mechanism in the human 
being to respond to such circumstances by accelerating I 
respiration, but it becomes greatly increased in volume, ] 
sibly in the attempt to compensate for the usual cooling e 
of sweating. In dogs so immersed, on the other hand, 
rate of respiration increases from about 15 to 300 or i 
for the dog still has his normal method of cooling himself. 

In such esperimenta the body temperature and heat prodw^* 
tion as measured by the chemical changes arc greatly elevated 
and may here be regarded as escaping from the control of the 
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ngntitiiig miwhapUan. Od the other band, if the animBl is 
•ipowd to cold, M long u iU hoat-ivguliitiog mechaniHm retaitu 
iti oootrol and tha body tcmprratiirn nMimiiu coMtaot, the heat 
prodncticni ai meoanred by the chemical ehuiK«i in also in- 
•naaed, but ainka when the regulation is no longer maintained 
■od the temperature falls.* '* 

BEAT panpccnoN and i/)S8 in fevkr. 
If we DOW turn our attention to the rondition of the t«m- 
peratnr*, beat production and low, in fever, w» tliid that ko 
marb li|{ht has been ahed on the aubject in the pant few yeara 
that we may Hpcak of certain (lueations with aumo degree of 
wcnrity, although there remain many points which are still 
obacure. 

It ia erident that there are acveral poaaible ways in which 
the temperatnre of the body may be elevated. The beat pro- 
duction may inereaae while the beat loss remains constant, or, 
the heat production remainlog eonstant, the heat loaa may he 
diminiahed, or both may be elevated but not proportionately. 
Any diaproportion, however slight, Iw^twoen tlie two which leaves 
a positive balance of heat will in time bring about an f>lf>vation 
body temperature. In this acaae we arc reminded of the 
rmmetry of action of the two tides of the heart. 
continned disproportion between the output of the 
iMcles such that the left veatricls ejects leas than the 
right will in a short tins letd to the anormoos overdistentioo of 
the pnlmonary voads and odema of the lungs. It ta plain, 
tbsnfbn, that a grest ioereaae In the production of heat is by 
nneooditionally neccMaary for the elevation of the 
'%oAj iMopitrstare. and wo con readily understand that the 
aocamolation of slight ezcest may quite rapidly lead 
itriking pyrexia. 

attompted to explain fever on ths basis of the second 

mentiooed — (enipernture elevation from eieesaive 

of ba#t slone. snd Nupported his theory ingeniotialy, 

only the ilelerminalion of any inereaaed beat 

nmm at fever to sliatter tliis theory. And thia 
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proof has been brought by many workers, chiefiy by means of a 
study of the respiratory gaseous exchanges, which showed that 
oxidation and consequent heat produced is increased, but also 
by the direct measurement of the heat produced by an animal 
during fever, a measurement which can be carried out by the 
aid of a suitable calorimeter (direct calorimetry). 



.« 



It is important to observe that the more recent writers on 
Bubject estimate the increase in the heat production dunn^ fever 
a. much lower figure than did the earber observers (Senator, Finkler, 
Colasanti, LilieHfeld and others], who often found an inerease of 
75 per cent, or even more. With Krauss" there began a. series of 
more acciu'ate investigations, in which stress was laid on the importance 
of keeping the animal under observation in a. state of muscular repose, 
siuce be recognized that the earlier work was untrustworthy on ac- 
count of the great variations produced by muscular contraetions, 
shivering, etc. After eliminating these sources of error, he found the 
febrile increase in heat production lo be represented by an increase 
in oxidation of 20 per cent, at the utmost. Lowy" also found the 
increase in combustion relativel;^ slight, sometimes sinking within 
the limits of normal and at the highest rising to 51.8 per cent. 

NebeJthau," recognizing the inaccuracy of this indirect method 
of estimating the heat production when applied for short periods, 
studied the heat prodnction and loss in febrile rabbits by direct meaa- 
urement in a calorimeter, the observations hdng made to extend over 
B long period. He, too, foand a distinct increase in the output of 
heal, but thought it still conceivable that fever might arise from the 
coexistence of a constant heat production and diminished heat loss. 

Krefal and Mattbes " found an increase in heat production of 14 
to 60 per cent, in the height of certain fevers, while Staehelin" ia 
fats febrile dog observed at first a diminished beat production, al- 
though later in the height of the fever the normal was exceeded 
45 lo 47 i>er cent. May " in febrile rabbits similarly f onnd a non 
heat production on the firat day of the fever, but a rise of 5 to 
per cent, on the second day. 

All these authors agree, therefore, that in fever there is a 
distinct increase in the heat production. When thej' speak of 
an increase of 25 lo 50 per cent, in the heat production as 
compared with the normal it seems at first sight an enormous 
change. The tme significanre of this statement is not clear, 
however, until we examine the heat production under soins 
other (conditions, and a hint of the relative importance of t 
influence of these other conditions is given by the refusal of tl 
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ttctnl worken to ftccrpt the resulti nf tLcJr prcde«e8coni becauBe 
they bad oot oarefoUy atteoded to the pjicluRion ot the effects 
of cJuooe nuKalar morements duriDg the observations. 
%>«ek " even go«* to far u to aiwert that there ia no inoreaaed 
heat prodaction in fever, that even the modaru figures are a 
deloaioii baaed on the overaction of the trspiratorj* tintsclea, 
the inteosiflcation of the heart beat, ctv. 

The amount of beat produced in the body on the iogeatioD 
■nd abaorption of a full meal is very greatly iucrcftfled over 
thai produced by the aame pcnon when at rest and with an 
empty stomach. Many earlier workem have demonntrated tJila, 
and SLaebelin," in hia receDt careful study, has shown very 
etearly the effect of varioos forms of food, the increased energy 
prodaetion bt'iag greatest after a meal composed of carbohy- 
drate and proteid. Such an increase in heat production may 
lurpasH by a great deal that observed in fever, but there need 
be uo riae Lo temperature. With muscular work the increased 
heat production is enormously greater. In contraHt with the 
2ehril« patient at reat, in whom, as we Have seen, heat produc- 
Itbm reaches a moderate eieeaa, the uomiol man, in the eoune 
\4tt mnaeiilar labor, produces an amount of heat often aeveral 
kandrcd per cent, in eiccaa of that developed while he is at rest 
— and still there need be no elevation of his body temperature. 
Be differs from the febrile patient in the extraortlioarily rapid 
diacharge of beat by all the means at his dia]KMMl. 

Althongh it ia obviona from Ibe direct ealorimetric eati- 
mnitioned that the heal lom is increased during fever 
as well as the heal prodacUnD oiie must gather, from the lcnowl< 
•dfls of the normal methods of heat regulation during great 
devationa of the beat production, that in fever the diaajiwlion 
of heat » relatively realrieted, and that, even though the body 
has not at ita dtspoaal the enormous <|uantity of heat produced 
by the well-fed and woricing man, the metabolism is somewhat 
aeFeleral«d and some of the excessive beat is retaineiL This ia 
•aAeiently eJear, althouirh I can not find perfectly precise 
measuremenla of the amount of beat produced during a certain 
ooBtnatad with the anoimt lort io the oaaw period in 
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order to show concretely the direct cause of the elevation oC^^| 
temperature. ^H 

Liebenneister,'" as is well known, entertained the view that *^ 
the regulating meehaniam is in fever peculiarly altered to react 
for a different standard of body temperature. As he expresses 11 
it, the regulating meehanism is tuned up to a higher pitch aa^H 
that it begins to allow of the escape of heat only at a bigher^H 
level, exactly as we might screw up the thermoregulator ^B 
of a thermostat so that its temperature would stand at 40 in- 
stead of 35. There is something very attractive about this idea, 
but it must be said that the experiments which might establish 
it as a fact have not been carried out satisfactorily.* In gen- 
eral it is known that muscular effort during fever may drive 
the temperature up — that the taking of food may elevate tho^J 
temperature, and that even after convalescence has begun tha^H 
temperature regulation of a febrile patient is very labile sn^^H 
easily disturbed. But we do not know precisely whether th»^^ 
output of heat produced by muscular work during fever would 
be regulated at this higher standard in a way resembling that 
in the normal. If Liebemieister 's theory is to hold, the heafc^^ 
produced from muscular work should be dissipated after tho^H 
requisite amount to maintain the heightened body temperatur«^H 
has been accounted for, in the same way as in the normal. ^H 

IMuch interest is attached to the variations in heat produo^^l 
tion and loss, and the consequent temperature in the Tariooii^^l 
stages of fever. It seems probable that this must vary in dif--^^ 


* Efforts have been made by Stem, Filehne and olhere to show that 
there is some such constancy in the activities of the beat regulating 

there is rather a weakeaing of the control so that febrile patianta ar« 
more subject to external iDlluonces than normal persons — they ar« 
more easily cooled in a cold bath and more subject to the effeota of 

VMsela and other inslniments of tie regulatory mechanism mmt bo 
remembered, but the very ittconstflncj- of the body temperature "during 
fever scsras to him eiiouKh to indi&le that here we are not dealiug^^ 

highi-r pilch, but mtber with oue which lo a c*rlain estent has lo»t i^^| 
control. ^H 
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ICerpDt type* of fever, fur the Giuriii:U;rB uf thewi stages differ 
I tnucb, but it i« wrt«ia that in the initial stage, mpeciiUly 
l^in time casM in which fever iji lubered in by tho appearance of 
ft chill, every mech&niun is Mt tu work by tlie body tu limit, aa 
■ poaaible, the eacapc of heat and by inurcaMing at the same 
B tite heat production to elevate the temperature a« rapidly 
I pCMBJble. The akin bpimmui livid and blue and i;old as the 
KTHult of tile energetic i-ontraclion of the ciitaucoua vr«seU; the 
1 very important methods of heat Iusb, radiation and condactioo, 
I themby rMtrict*^ to the niaximum degreu. Evaporation 
a tile ildn and from the lunga is also decreaud, although in 
BHOi that from the lunga luu been obacrvod to be height- 
}^irther, the patient, from the very aeniwtion of cold 
prodoeed by theae changes, draws his body into the smallest 
eompHi ud oov«n himself tbiclcly with clothes. On tho other 
I hud, beat prodnctiOQ in greatly increa»ed, and especially so by 
■ the iDeressad tension af the niusclea, by the shivering, and even 
i by the gooss flesh, liiebermeiater found an increase of '21 tu 24 
' per cent, in the heat production in the hot stage of a malarial 
attadc, iu the chill 147 per cent, incrvaae. Naturally the muscu- 
lar GODtraetions are chiefly responsible for this high figure. 
Krehl and Malthas ** find that in this stage both heat production 
and baat Iimb floctaate a great deal, but that they diverge from 
otM iDOtber far more than in the nonuaL 

During Um faatiginm or height of the fever the dispropor- 
btioD beCwvea heat production and heat Iom is less striidng. 
1 and radiation of heat from the skin and evspora- 
ItloB approach the eooditiou found in the normal penoa on the 
e diet " and in the same surroundings, but this in itself i* 
il, for in a healthy penon with such an eLevated heat 
I produetion these regulating meehanisuia would be greatly 
I •timnlaled. 

The Uood supply to the akin in the height of fever ouder- 

I remarfcaUe fluetuations, as Senator" pointed out; the 

1 contraction of the veaiels may vary from boor 

r aod ereo from one part of the skin surface to another, 

ntly it seaiii prabable that if we ounld c 
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the heat loss from the skin for very short periods we 
obtain a curve showing very marked irregularities. 
stage, then, we have an irregular and moderate increase in the 
heat production associated with an irregular increase in the heat 
loss. However much the heat production may increase, the 
beat loss keeps a place somewhere behind it, and there ia no 
parallelism between the temperature and the heat production 
or between temperature and the amount of oxidation going on. 
Krehl and Afatthes point out the fact that the special cause of 
the fever does not necessarily govern the intensity of the heat 
production, over which the nutritive condition of the patient 
and the individual type of reaction have a great influence. 
The young strong patient tends to show a higher heat produc- 
tion than does the aged, weak one, and it is a commonly appreci- 
ated fact that the lack of an intense febrile reaction, like the 
absence of adequate leucocytosis, is often an index of the low 
powers of resistance of the patient. When a patient is overcoi 
by the intensity of the infection, it is also usual to observe 
fall of body temperature to a subnormal level. 

In the last stage of fever, that of defervescence, there 
gradual or sudden strengthening of the mechanical diasipatioa 
of heat and at the same time a decrease in the heat production. 
One receives the impression that the mechanism of heat elimina- 
tion, having been held in leash by the regulating nervous sys- 
tem, is now set free when the poisoning is overcome and the 
saving of heat no longer necessary. Especially in the criticAl 
forms of defervescence is this outbreak of heat dissipation seen 
to advantage, merely because there the phenomena are eoncen- 
trated into a short period of time. h 

TOPOORAPHY AND MECHANISM OF FEBRILE HSAT PRODUCTIOH. H 
Since I wish to discuss in some detail the changes in metabt^ 
lism which underlie these disturbances of the heat economy of 
the body, the limita of this lecture will not allow me to enter 
on a considoration of the topography of heat production 
further than to say that the muscles are commonly regarded 
as the great source of heat, although, of course, every tiasue ia 
concerned to some extent in its development. In fever thenn 
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■re, u we shall (earn, MrUia special reaaona for Uiinking thst 

IjAt produetion is brought ubout ubicfly ui the iniwclai. Tbera 
■R, however, thone who dtsajiree with this amuinptioQ snd be> 
IttirTa Ikst the liver is even more prominent in this conaection. 
Bineb ud Roily " Slid that after the inflii>-nce of the rouwlcs 
ia tetnjed by curare, it is still possible to produ<» hyper- 
ttcnny by best punvturv. niiil, since this is nut stict^essful in 
^jraogen-free aninials, they ascribe the production of heat to 
tke coubustion of carbohydrates in the livi-r, and by thenno- 
•leetrie uetboda show that it is only after the temperature rises 
ID Um ttvcr that it does so io tbe muaclua. Ilirsch luid Mtiller " 
apply ths same thermomctric and tberino-^Wtric infthods to 
^^ the mapping oat of the heat production in the body, and find 
^BId favsr that tbe liver is far warmer than the mtiseles, and that 
^^bv«D the subcutaneous tiuui^ havn a lijgber tfmperatare. 
^^Rliey regard the low temperature of the musclra as notable, 
^K'lDd Iwld thst Beideohain 's view that the musclus are warmer 
^P tban the aortic blood is thus disproved. The inetbiMla employed 
B^ in thaw nsearcbee seem not entirely above criticism, for we 
have again a conclnaion as to heat prixludinn based on the 
temperature of an organ, and, in my judgment, we most still 
■ OTir ultimate cooclusioD as to the n-Iative importanoe 
t tbe niiieles until further work is brought out. 

I I ODOiider at length the interesting diacuwiioa as 

> the d^na of tbe theories of the neurogenic and toxogcntc 

f Mtan of {ever. Tbe preeiee diaracter of the nervous median- 

I wbkll preajdes over tbe heal economy of the body la Ur 

1 being well ondentood, bat I have already mentioned the 

let that there are eertain loealitisa in the brsio, irritation or 

jury nf which causes bypeitbcnny, and have drawn especial 

mtioo to thst so-ealted heat eeotm whieb was diseovered by 

rd&noaohn and Sachs in the anterior medial portion of the oorpns 

The charaeter of ita action ia, howeror, not nnder- 

'' tfaiod ; we am far f ram po m ess ing definite proof of the existence 

of any specisl nerves which prT«id« over the production of 

heat, and it is at this point that the neorogenie theory of fever 

is attnched. Ilinch, MOller antl Roily ** pat forward the idea 

tbnt It b not froin tbe aetion of the nervous system that the 
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febrile intensification of metabolism arises, but rather from 
the introduction of poisonous substances which directly inja>e 
the Gells. While the neurogenic chemical heat regulation occurs 
in the muscles with the increased burning of carbohydrate, the 
increased burning in fever is probably universal and affects 
especially the proteids, the part played by each organ depending 
on the intensity of its specific function in metabolism. Fever 
is thus a specific reaction against injurious materials which 
affect the tissues. Krehl and Soetbeer '• find that in cold- 
blooded animals, such as the frog, infection results in a marked 
heat production and dissipation ; and, inasmuch as these animals 
have no nervous mechanism controlling beat regulation, they see 
in this result a proof of the toxogenic theory of fever. 

It would seem perfectly possible to control the part played 
by the nervous system in fever by a variety of experimenta. 
No one doubts the dependence on the nervous system of the 
mechanism governing the dissipation of beat, and the question 
is rather as to the relation of the heat production to the superior 
nerve elements. Of course, it is plain that by causing muscular 
contraction or increasing muscular tone the motor nerves can 
increase heat production, and one might be iacUued to say that 
in all probability this is the way in which the heat production 
is stimulated in all cases. But it is frequently observed that 
when the spinal cord high in the neck is severed there occurs 
a febrile rise in temperature with increased heat production," 
although often it is the reverse, a gradual sinking of tempera- 
ture. Section of the medulla near the pons causes a rise in 
temperature, and the injury of the corpus striatum spoken 
of above very regularly brings this about. Analysis of such 
effects shows that the elevation of temperature is not due solely 
to limitation of heat dissipation, for Schultze " finds that ani- 
mals with heat puncture react to outward changes in tempera- 
ture precisely as do normal animals. There is, on the contrary, 
an actual increase in the production of heat, even though the 
animals remain perfectly quiet, and, although there has been 
Home disagreement as to the aj:tual source of the heat in these 
cases, it seems probable that we must accept the results of 
Senatur uid BJchter,** who find that there is not merely an 
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i comlnutioD of csrbofaydrates, but that proteid metabo- 
UuQ n also iocreased. la no eaieiitial particular, ttien, does 
thia hnwi^t^niiy difTer from that of fever. 

De^itt! all thU evidence that a somewhat peculiar febrile 
I naetioD can be produced by injury of the brain and despite 
I the fMifectly certain and generally accepted fact of the nerroiu 
eontml of the heat-diMipatinf; appamtos, 1 feel that there is 
modi to bo said for the view that tbe cinnilaling puisens affect 
directly all tlt« c«IIs of the body, and tlint the latter in their 
quality of living protoplasmic creatures react with an incn-asnl 
metabolism. It appeals to me as a reaction quite analogous to 
that in which leooonytee are produced in enormous nombera 
In the far-cff bon»-marrD« when the/ are needed in tlie pneu- 
moBia loBCt u>d it no mora esaily explicable than this. 

taauKtau tK rsnts. 
Having discnawd the general subject of beat regulation in 
eooDMlion with fercr, in ttomo of itx aspocts, we may now 
turn to tbe considetfttion in somewhat greater detail of the 
chemkal pn w w i which underlie the production of heat, it 
maj be said In general that these processes, in so far as they 
ar« cmnected with best production, oonsist chiefly in tbe com- 
bination of oxygen with carbon and with hydrogen with th« 
formation of carbon dioxido and water. That this outcome 
iB«y be interrupted by the furmstion of intermediate prudocts 
• in no way from the truth of this statement, and if only 
t tints be devoted to observation the final results are the 
same. Thst there ar« other oxidatiuos going on is, of course, 
true, but their rAle in comparison with those mentioned is 
almoat negligible. Pnrlher, the amount of beat produced in 
the various decompositions and syntheses is very slight, and we 
■hall not go far astray in rertrietiog our atleotion to tbe 



Somslhing has already been said ooneeming these proeess u 
In diseoHiaff the prodoetion of beat io so fsr as the amount of 
hMl prodaoed in fever was oonpered with that produced in 
other eonditkaa. Now, however, it ia important that we shoold 
be ihle to oompan moce aecurately tbe figurse which resoH fram 
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the estimations of oxygen in vajying conditions, and at ihe riak 
of becoming tedious I shall quote the statements of various 
authors as to the total oxidation products in various steles of 
hunger aud niitrition, in muscular work, in exposure to heat 
and to cold and finally in fever. Naturally these results may 
vary widely because of the size and charaeteriatics of the in- 
dividual observed and because of difference in the character 
of the nutrition, but they will doubtless diverge so far from 
the normal that there can be no question as to the effects of the j 
conditions wtich they are meant to illustrate. For the sakef 
1, they may be set down in the form of a table. 



Table Suowihq STAT£UE>fTs of Various Authobs as to Osipatioi 
Phodocts m Vakioits Conditioks. 

COi Outpul Oi7geD AUorpUoa 
Subject condition pcrmlD, pcihout peKnln. per hour 

Healthy Man- 
In bed, f uting. Especially 

Ordinarily quiet 



8.1 



Healthy Man- 
Fasting 36.5 

During and after meal 41.5-49.. 

Sleep 30 

After five days' hunger. 

At rest or reeding 24-29 . . 

Dtiring and after a walk 30 

Sleep IB 

Hrallhy Man- 
Exposed lo cold and heat. 

Surroiuidingtemp.,4.4''C 35.16 

8urrouQdingt«mp.,15.2''C 26.33 .. 

8urroundingtemp..30°C 29.6 

Healthy Man- 
Rest 27-37 .. 

Walking 



(i 
13-46) 

Climbing 80-131 

(increase 
50-104) 
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Bablcct 

Healthy Han 67.2 kg.— 

1. Complete repoee. Fast- 
ing 

2. Complete repoee. Pro- 
teid meal, 75 Qm. proteid 

3. Complete repoee. Fat 
meal, 7 Qm. proteid, 
77.4 fat, 30 carbohydrate 

4. Complete repoee. Car- 
bohydrate meal, 32 Qm. 
proteid and carbohy- 
drate, 189 fat 

5. Complete repoee. Pro- 
teid and carbohydrate^ 
90 Qm. proteid, 34 Qm. 
fat, 113 Qm. carbohy- 
drate 



00. 

e.c. 



Ontpot Osjiw AbMtptloo 

On. ex. Ob. 

perlKmr per Bin. per boar 



Author 



19J6 
23.50 



22.65 



24.06 



25.80 



17.45 
22.54 



21.88 



21.41 



23.61 



SiMheilnM 



Healthy Man, 48 kg.— 

At rest Temp. 36.2 133.8 

After 35 min. in bath at 

40-41 C. Temp, of pt. 

38 C 316.2 



15J6 172.9 14.38 



37J50 363.6 31.18 



WlBlmltiM 



Woman, 61 kg.— 

Eryaipelae. Temp. 40 C... 303.91 36.02 321.41 27JS7] 
Fever^f ree one month later 224.68 25.64 245.18 21.3 
Man, 48.5 kg.— 
Typhoid, &d weds. Temp. 

39-10.8 284.12 33.69 350.4 30.02 

Man, 48.5 kfg.— 
Pneumonia. Temp. 38^- 
40.5 234.9 27.85 25.56 21.91 



KimuiM 



Man, 58 kg.— 
Plenritia. Temp. 39.5.... 254.78 30.21 315.1 27.02 



Typhoid. Temp. 39i>.... 263.99 31.30 396.32 34.16 
Man, 50 kg. — 

Typhoid. Temp. 39.5.... 205.79 24.40 291.72 25.02 
Man, 50.5 kg.— 

Tabereolaiii. Temp, normal 206.29 24.43 255.96 21.95 

Tabereulininieetion. Temp. 
40.2 280.96 33.12 316.25 27A5i 



•f 
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COi Output Oiyien AtatorptlOD 
CO. Om. C.C. Om. 

Bub]«l CondltliiD per min. pec hour per mln. per boor 

Woman, 61.4 kg. — 
Suspected tuberculoBia. 

36-37 289.51 34.22 381.41 32.71 

Tuberculin injection. Temp. 

39.2 310.84 36.86 417.20 35.78 

Woman, 46 kg. — 

Pulmonary tuberculosis. 

Temp. 37.9 184.15 21.83 268.07 22.99 

Tuberculin injection. Temp. 
40.2 258.97 30.71 399.17 34.32 



1 

Author ^^M 



I 



This table sufQcea to show tiiat in fever in man tbe oxidatioit 
usually but not uecesaarily increased, but that the increase is not 
grcat. Eraus estimates it as not e.ieeeding 20 per cent, at the bi^i 
while in some cases it is not elevated at all. And Lony, Rietbus ■ 
others concur with him in this opinion, believing that the higher pei^' 
centages given by the earlier workers (Senator 75 per cent.) were 
probably dependent on the muscular unrest which prevailed during 
their observations. Similar residts have been obtained in the ease 
of animals in which fever bas been experimentally praduoed, and I 
need only refer here to the careful studies of May and Staebelin.** 

May gives the result in one of his hungering rabbits in which be 
produced fever by inoculaliou with the bacillus of swine erysipelas u 
follows : 

C0| OlTK^n Rvp, 

Ribblt E output ktBorpUou qiutlmt 

Before infection 48.756 46.861 0.7567 

After infection and during fever 53.035 50.700 0.6953 
Here we have an increase in the carbon dioxide of only a little 
more than 8 per cent., and Staebelin in observing the dog iitfect«d 
with surra found the following changes in tbe carbon dioxide output: 

CuIjod dlcHdde 

output per iaj 

(»rer. of ssrenl daja) 

Before infection 178.6 

After infection— First period. Temp. 37.9-39.4. . 169.85 
Second period. Temp. 39.5^0.1 206.75 

Third period. Temp. (T) 229.0 

Fourth period. Temp. 38.5-40.4 195.5 
The maximum increase of carbon dioxide in this oaae 
per cent. 

It is obvious that the value of such estimations of the t 
oxidation in fever lies in the fact that we can thus compai 
roughly the extent of the oxidation in that condition with t 
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I s normal peraoo, or in a p«non doing tmuoalar 
I eim judge as to whether the metabolic changev are 
er or l«m than in lliosc pfntona. We may even 
I, if wc know tlie total uitrogen output, the proportion 
I total oxidation whieb pprtaina to the boruiug of nitro- 
I mat(>rial« and that which nvulto from thi* combustion 
e oitrogen-free substances ; but, tmlcsB we know more than 
bu, we eon gain no very accurate idea an to Uie more intimate 
latore of the procenea which go on in fever as contrasted with 
Ihnaa ia a healthy person. It in known, for cxiunjilo, that in 
) bealthy person, a* long aa th<>rt> iit a HufTlcJeiit Kupply of 
r-prodacing food, the tiaeues themselves are not attacked ; 
t ia koown, further, that the oxidation in the normal peraon 
111 Ti<ry mnch modiSeil by Ibe character of the fond, and, atill 
■'ftirtliBr, that in mnacular work in the normal individual the oxi- 
1 ■■nriilrrl with the iinpply of energy for the work doea 
lot affect even the circulating prot^'ins, ho long aa there is 
t nipply of non-nitrogeneoua niat«rials. These things 
I, bownrer, by no means to be aMiimcd aa true in the caae of 
9 febrile perwm. We must, therpfore, in order to deterraino 
t itxaet nature of the proovsaes of oxidation iit such a pi<rson, 
e than in the normal, make such studies as will give un 
rne« of the exact amount of prot^^tn, of carbohydrate and 
t in the fnod ; we must know the amount of wal^r takes 
> the body and, if poadble, th« amount of oxygen absorbed. 
: then know tb« output of these varioua stihatancea, 
Efenhly in health and in fever in the same individual, and 
I information fflust include at least the anioimt of nitrofen 
1 the urine and fn-cs, and the amount of carbon in 
B urine, fa^!es and nispiration aa well aa the amoant of water 
by these channela. We can then, and thro only, 
• the balance of nitrogen, earboo and water; and in 
) estimate with any aecuraey the anspeeted chaagea in 
Ilea such information aa to the balance aeetni neeenary. 
I then the methods which have been meotkmed toe tbe 
king at the amounts of the non-nttroffraentti iubstanees 
I are perfaapa not abanlutely to be relied nn, tar unless 
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the animal is starved until it can be regarded as gIycogen-free->^H 
always a doubtful assumption — we must depend on the idea 
that after the amount of carbon dioxide corresponding to the 
nitrogen excretion is deducted the remainder ia to be applied. 
first, to accounting for the oxidation of carbohydrate and only 
after that the oxidation of the fat. Further, the existence of 
the intermediate products of oxidation can not be suspected 
unlesa we know the respiratory quotient ; that is, the relation of 
the output of carbon dioxide to the absorption of oxygen. 

The exact estimation of the nitrogen balance seems to be 
of especial importance in the study of the protein changes in 
fever which are so prominent. In the literature of the subject, 
however, I can find no such studies of fever in man ; nearly all — 
I may say all — are fragmentary in the sense that the character 
of the food ia not recorded or that the estimations of excreta 
are not sufBciently complete to enable one to do more than infer 
from comparison with approxiraatel.v similar estimations, in 
the normal, the nature and extent of the change. Naturally 
only divergences of considerable extent from the average normal ^^ 
will be recognized in this way. The recent researches 0^^| 
Staehelin on the metabolism of non-febrile tuberculous patient^^^ 
give, however, a very good model for such work. ^^^ 

Nevertheless, the principles involved are rendered clear ^^^| 
the papers already mentioned of May and Staehelin. ^^M 

May starved his rabbits until a unLform nilrogen output was 
established and then inoculated tbem with the bacillus of swiue 
erysipelas and was able< to draw up such tables as the following, 
in which, since the rabbit received no food, be could accurately 
aasigii the oxidation products to the body tissues from which they 
sprang: 

Nttrocen From non- ^^^ 

TBiDpcnnin ol RAplralnrr Pram nllnweDaut _^^l 

ofanllDAt urine eu-bon proleliu nuteriiJi ^^^M 

30.5. ... 1.30 ^H 

39.2. . . . 1.4.'i ^H 

3»£.... 1.79 13.22 5.796 6,S48 ^H 

ae.7-U.2.... 1.81 13.10 5.864 8.675 ^H 

40.8-40.7.... 2.46 14.53 7.93S B.M5 ^H 

84.7-32.6. . . . 0J03 12.337 CoDii^H 
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SIuImUd fad bia iog bat eadiuJed pneiaeljr th» eonitiliiuiU 
|0f tba food Hul tba eoiuaqtictit nitiugen toA ouvon balanee ia Um 
From this, aiiiM Uta dafidt of aitrogco and carbon ahowed 
warn eonaUal tiaanft deatnietion, m eould feel mm that 
i oatpnt of euboa ma danvftd from bo^ protMB and 
and eoald eatinukto ibe proportion is which tbojr war* 
Bla tabUa * abow very plainly that then k not only a 
npidly iiiiiiinaiin protein daatractioa daring the fever bat that tbara 
,tl alao an inemMiiig oxidation of body (U, wfalch is far too mat 
Elo ba aaaribad to inanition. To tbia relation of tbe fat it wUl ba 
raeaaiary to return. Btaebelin aummartMa the total body destrtictiou 
ifttf Uw animal in thia axperiuMnt aa foUowa: 
' rroMiD ni 

4wu«rttD« dMinirUon 

Preliniaaiy period 8 51 

tnoenlaitiaa ud prodraauU 17 73 

Pint pakiA of f«T«- 20 49 

Saerad pariod of farar UO 2M 

Third period of ferer 47 79 

rinal period 143 175 

The valne of the mpiratory quotient which girea hi b due 

^■a to the qualitativo chArscter of tbe oxidation procMMB doea 

r Bol tetm to haTe been m Rrest in the eime at fevfr iw mi|^t have 

been expected, for there is atill mncb dispute as to its amonnt 

in that condition, llif t>arlitrr authors fonn'i, as a nilo, that 

this co-effieient wan lowered in f<>v«r — tbnn Reffnard. Riethoa. 

I VinUer, and Lowy all report auch a diminiabod rcapiratory 

8«itator auina up his result* in the followio([ atate- 



Evan in tbe ntoat fararahla eaae the taereaaa in tbe carbon 
L ttnida output b far lea than the inapeaae In the area exeietion. In 
' Aa fehrila body thai* ia not (nnkaa perhaps in tba aariiaat honni 
*t IIm fever) any abnomal aeeamaUtioD of oartioniD and — rather 
the twnrm. Tbmfon. ia ferer the bnraine of nitrnKeo-fne ear- 
bonaaaBaa raslerial (fat) lo tta end pndart (oariioa dioxide} can 
not oaear lo the aaina extant aa the deeom position of protein into 
anb On tba motrary, there Mwma lo be rstiMr a deereaae of fat 
ONDbualiMi than an iucreaw, and the ferwvd eniouJ will therefore 
fceeoma ivlatirrly richer in fat than a aoo-febrfla aainial in the 
■una eooditioa of nutrition. Tbia probably azplaiaa Iha fat^ da- 
imMiitiim whkh ocrata in tbe iImuw in fehrils dlaeaaea. 

* fftaahilfnV laMaa are loo haw to nrpcndnae bei*, bat they 
fcw» hiia eepiad by Ktaaa in Vcn Noordea'a Metaboiiim and Praetieal 
Ma^aha Vahtma IT. wbera (bey an petbapa una aeeaaiiUs than 
te Aa oeistBal paper." 
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£raua, in 1891, found that no direct rel&tion existed be- 
tween the extent of oxidation and the degree of pyrexia and 
concluded that any qualitative alteration of febrile metabolism 
that might be found was insufficient to influence the respiratory 
co-efficient in a recognizable degree. As a matter of fact, 
he found the quotient practically unchanged and thought that 
any changes which might occur were determined by the existing 
nutritional state, by the bodily condition and by the material 
available for metabolism. Jaquet has adopted the same view 
and has shown that a diminution of carbon dioside elimination 
in the respired air may depend on a diminished respiratory 
effort and leas complete ventilation of the lung. 

Staehelb gives the following figures from his experiments (avsr- ^^ 

age in rouiid numbers) : ^^H 

qooUeot ^^^1 

Xormal person, fasting 0.82 ^^H 

Normal person, after protein meal 0.7B ^^H 

Normal person, after fat meal 0.75 ^^H 

Normal person, after carbohydrate meal 0.81 ^^H 

Normal person, after mixed proteinandcarbohydrate 0,70 ^^^| 

Pathologic person, carbohydrate meal 0.89 ^^^| 

Pathologic peiwin, after protein meal 0.80 ^^^| 

Pathologic pereon, fasting 0.75 ^^H 

On the whole, it seems that the respiratory quotient as sneB^^ 
can at best give only a suggestion as to the probable pre- 
dominance of one material over the others in metabolisra, for 
it is not changed by a meal composed exclusively of protein nop^^g 
by muscular work. ^^| 

PB0TE1N8 AND FATS IN FEVEB. ^^M 

This leads to the consideration of the fate of the foodstuffl^^H 
and body constituents in fever as contrasted with health bhq^H 
we may well begin with the protein substances, since oof 
knowledge of the part they play is much greater than in the 
case of the rest. Since the work of Vogel " and Traube*' 
it baa been known that in fever the most striking change in t 
character of the excretion consists in the greatly increas 
output of nitrogen in the urine. Senator found this in J 
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1 thf qaoUUon from bU work just given ahnwg 
f Cttrij wtUX bis kmtliarity with the fa<?t. Sinrw! thme earlier 
Lpspsr* ettrf workpr on the salijeot faaa confirmed this fact* 
T Tlw amount of thr ciL-em of nitrogiMi varies in different caaea 
I Mcordiog to th« intcnitity nf the disease and with the cause, but 
I tiiere is no conatant pamllplian) between th<w^ thinfCB' Espe- 
I tiMl]y can it be said that the curve of the nitrogen excretion is 
I BOt parallel with that of the t«mperattire, for there are many 
[ infectioua and toxic oonditioQH io which the nttrofrn output 
|fa ficatly increaaed. hut in which there ia no fever at all. In 
t ntimalina of the amount of (hiit excretion whieh can be 
ingirdfid SB abnormal, not a few difficultien are met with, as I 
■:|feall try to make clear. 

Speck,** in bia review of the subject of nutritional and 
laBerKr metabolinn. einphaaiHS the idea of the exiatence of two 
ikiodf of protein in tbs body, oae the liring protein of the cell, 
I which ia T«ry reaistant to decompoaition, while the other, the 
lafrmlating protein abaorbed from the food, is readily oxidized 
f nd excreted aa ore*. When an individual ia in brisk muscolar 
T Betion the re«piratoi7 interchange ia heightened, the excretion 
Lof urra ts not much inereaaed and the heat production and 
lllberation of me«haniejil energy 'a thought Io be due to burning 
^>aC the nitrogen-free elejnenta. It in only when theae are lacking 
t protein ia extenaively uaed for such a pnrpoae, and there 
f b on stnre of really labile nutrition protein for Uiia pnrpoae. 
KTht decompoaition of the organic protein is comp]et«Iy different 
1 that of the unorganixMl and follows other laws, being io> 
Dua in normal eonditioDs, but conapicaoua in certain 
I states, such as ioaafflcient oxygenation, variona in- 
oa and ferer. When it does break down it becomea 
l pnteiiL. bat ita prodocta of decomposi- 



* LasrdaB ami Kl«ppw ar r 

r 3,2 Uloa 9t masele ussoa in twelve dus, and Friedridi 
t Ibera WM loct aa amoiml of 
(M,4 Om.) eomspooding to 2J kiloa or 5Jt peonda of 
_ I tkina in eight days. rmiiMndy, aa will be pointed oat, 
Ihk Imi k gnaleat daiing Jsfi n— u aa. 
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tjon lag behind in the body and are excreted only slowly. 
however, the urea output is incomparably greater than 1 
appearing after muscular work and is more ctosely approached 
by that following the ingestion of excessive amounts of protein. 
Such disturbances are affections of the metabolism of nutritioi 
rather than that of energy prodaction. 

It is evident from this, as I have emphasized before, 
in order to obtain any unassailable information 
character and source of the protein excreted and the amount of 
its excess, we must study it either in an animal in a 6tat« of 
complete starvation or in an animal reduced to nitrogeneooA'^ 
equilibrium in which we know precisely the amount of prots 
ingested and can estimate the respiratory changes. 

That the nitrogenous excretion in fever is increased above 
the normal and above an amount which could be accounted 
for by the food is perfectly evident from the results of all 
experimenters. Senator estimates the amoimt as about double 
that found in the normal, but it differs in different cases and 
tends to sink in the later stages of the fever, alwaj's reraaiiiing 
above the normal, however. In those diseases in which there is 
a sudden or critical fall in temperature there is often an espe- 
cially intense epieritical excretion of nitrogen after the crisis. 
This is explained sometimes as due to the retention of nitro- 
genous excreta in the body until that period, or again as the 
result of the febrile inhibition of urinary secretion. Another 
explanation is found in the idea that the exudate of cells pro- 
duced during the inflammatory process which caused the fever 
is suddenly absorbed and its nitrogenous portion excreted; 
hut this suggestion is weakened by the fact that the s 
critical rise may occur in inflammatory diseases in which t 
has been no such accumulation of exudate. 

For an exact study of the nitrogenous excretion in fever 
which satisfies our demand for certainty rather than conviction 
we may refer to the experiments of May and Staehelin once 
more. May found that in his rabbit with the advance of fever 
and without food the nitrogenous output, which by that time 
muat depend on destruction of the tissue proteid, advanced 
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1 L79 to 2,45 Om. per day, while Su^hclin found that tbe 
itive nitrogen balance which appeared durinR the prodromal 
rim) of the fever inereaaed ffradnally until the death of the 
I from 0.5 lo 4.70 Om, p«r day. There is iio qunRtion. 
wn, that in Ihia instance, in apite of the available food, there 
I an actual attack on the tiauc proteid, and we are led 
t inqaire whether tbia la alwaya the caae or whether poaaibiy, 
■ May maintained, the deatniotion of tbaae protein ia doc to 
I insufflciaot aapply of nitrogen-fres and nitroirenoua sub- 
! io the nntrimsnt. The very faet that in hunger the 
I m«nt of Uw prot^ decompoaition is ao promptly changed by 
|1ha oniet of fever wesia almoat sufficient to decide thin qiimtion, 
ml it ta put in a clearer light by the experiments of Weber," 
irhn itudied the (>haogeB which he oauld produce in a itheep 
hieh he could render feveriah by injection of a toxin extracted 
n glanden bacilli, by the admin iatralionof ilitT«rcnt amounts 
t carbohydrate in th*- food. He found firat that, aHhnugh it 
It an amount of noariahment whirh would under normal eon- 
I maintain nitrogi-noiu equilibrium and yield a Hufficient 
int of available energy, it atiil loat protein during fever. 
I, however, he flrst elevated ita protein store by abundant 
feeding and eonUnued the abundant feeding of protein and 
earbidiydrale be found that even daring fever there might be 
naintained a saving of protein. He waa not able to oatiinate 
tly the protective action of the carbohydrate or protein eon- 
mption during fever, beeanae of the diilirully in getting the 
Btmal to consune enough of it. Ai P. Miiilcr** pointa out, 
1 not aaaome from any aneh experimeut that the protein 
BpoiitioD in fever is the Rame in eharaeter as that in 
ilth, Bor can we demonatrale in thii way the exiilcnoe in addi- 
tion to the ordinary protein deatruction, of another form due 
to the eaiue of the fever. P. A. 8haffer ** has in the aamc way 
been able to pmtrcl the body pmteid from eoncumptinn in 
typhoid fever by the adrainiatratifin nf a diet rich is carbo- 
hydrates. 

It ia iotareatiiig to compare the nitrogennmi excretion in 
fomu of fayperthenny not produced by infection with that 




HARVEY SOCIETY 



the hyp^^H 



foimd in infectiouB fever. Such, for example, are the 
thenny following ao-ealled heat puncture and that resulting 
from overheating. In both of these conditions it is found that 
there is an excessive escretion of protein aa well as an increase 
in the general oxidation processes. This is particularly striking 
in the experiments made by immersing persons in a hot bath as 
carried out by Wintemitz, in which he found that the absorp- 
tion of oxygen and the excretion of carbon dioxide was fi 
in excess of that observed in any infectious fever, and 
proached more closely the effect seen in violent muscular w^ 
Others, such as Topp," Schleich and Formauek," have shown 
that the protein output is also greatly increased. On the whole, 
the result seems to be very similar to that which might be 
produced not only by muscular work, but exhaustion from such 
work. It would be a matter of extreme interest to determine in 
this case whether the protein decomposition is due to the insuffi- 
cient supply of carbohydrate only, or whether it is actually 
the result of the heat injury to the muscles. Wintemitz's 
experiments were carried out on fasting persona, and if seems 
possible that had these persons been supplied with very 
dant carbohydrate food the excessive nitrogen excretion 
have been spared, as, indeed, was the case in Voit's dog.** 

We are hardly in a position to determine even from these 
experiments as they stand to what extent the height in tem- 
perature as such brings about an increased protein decomposi- 
tion, but the general assumption is that it plays a considerable 
part. It is none the less a fact, supported by very abundant 
evidence, that when the utmost effect of hyperthermy is taken 
into consideration there still remains in fever an excessive 
excretion of nitrogenous material which must be accounted for 
by direct injurious action on the protein of the agent which 
causes the fever. 

The nature of this injurious process, which is very in- 
definitely spoken of as a toxic destruction of the cells, mxat 
differ widely in different cases, and must in many instances 
be quite out of proportion to any effect which it produces in 
the form of fever, for it is well known that there arc 
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I and kudc proceves anociated with extreme destnie- 

^tioa of Uie tavOM in wbich there u no febrile rcactiou at all. 

Ut ia, tlwrefon, quite impOMiblo for lu to funii aiiy estimate 

I the oompOBtion of the excreta aa to the extent of the 

Eelirile reaetioo which may bare occurrnj. Nor ia it poaaible 

pin the preaeDt itate of our kuowiinlgv for m to recogoize any 

tculiar type of alteration of the tiiwuc whicli can be regarded 

I particalarly aaaocialvd with the diachargL' of this reaction. 

Them aeem to be at least two diHtinct typca of protein 

»lDpo«it)oD which may taki- place Id thv tistuea: first, that 

I which the protein atored in the tiuiues ia decompoaed by the 

I of the living cell itself, and, second, that which gooi 

a of th^ iulliience of the cells, and in dead protoplaam 

I am the mnlt of the activity of certain ferments which are 

■miDoaty spoken of aa proteolytic fcrmeols, and which play 

ndi aa important part in the prooem of autolyxia. It iieema 

f poanble that these fermenu or Himilar ferments may alao 

9 eooeeracd in the vital activitim of the cella, and form the 

int by which they produce the neceaaary decompoaitioo 

I profoin malarial, but wu are quite rartaio of their activitiM 

1 the proeca* of autolyaia. 

How thasB prooeaaoi are affected by the injuriooa agent in 

r ia not parfeolly dear, but it may well be imagined that 

f Um deatmotioo or injury of cella, more material ia fomiBhed 

r tbo antolytie daconpoaition of prot«in which diffon in aome 

! from the vital deatnictioa of protein. Some light ia 

1 thia by the recent discovery by Arunaobn and Blu- 

uUud." that th«re occura iu the eoorae of fever a very 

mHy tncrMued amount of proteolytic ferment ia the musclea, 

"^Vhile that in tb« liver la umewhat dimioiahMi. 

The hiolDgic liguificanee of this deetruetion of tiaaue is by 
BD meuts ele«r, bat Kraua makes the suggestion that it may 
proT* to be explicable by hypotheses similar to tboaa whidi 
Qrlieh adopts ui hie theories of immooity, and that, in fset, it 
is probably in some way sMoeistad with the devdopment of 
Imsnniring or protective sobstaiieea. This will be referred to 
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When we attempt to assign to a source in the I 
protein which we may thua assume to be derived from 1 
tissue, we have very little basis ou which to go. Salkowski 
concluded from the fact that in fever an excessive excretion 
of potassium accompanies the increased output of nitrogen, 
that the nitrogen is probably derived chiefly from the muscles, 
but other than this we have very littie information. In view 
of the fact that the total oxidation is not greatly elevated in 
fever, it is important to know whether the protein is completely 
oxidized in the body or whether possibly intermediate products 
derived from the non-nitrogenous portions of the protein are 
stored there. This, tis is well known, was maintained by Sena- 
tor, who thought, as we have mentioned before, that the body 
became during fever richer in fat. Fraeukel, too, finds it easier 
to explain the excessive excretion of urea on the basis of inade- 
quate oxidation than otherwise, for an analogue ia found in 
such types of intoxication aa phosphorus poisoning, in which an 
excessive amount of urea is excreted and fat at the same time 
stored up. This brings us to the discussion of the question 
of fat metabolism in fever, which may be considered parentheti- 
cally here, since we know so little about it. It still remains a 
question as to the degree of oxidation of fat in the course of 
fever, and, as I have said, the older ideas of Senator begin to 
be contradicted by such work as that of Staehelin, in which an 
excessive consumption of the body fat can hardly be ascribed 
merely to inanition. Most authors writing on this subject 
assume that the gradual wasting of the body fat during fever is 
due not so much to a direct attack on the fat itself as to the 
lowering of nutrition and the consequent demand on fat tiasaea 
such as occurs in hunger. 

Further, it is of interest to know whether the increased heat 
production during fever is accounted for by the oxidation of 
such nitrogenous substances as correspond to the increase of 
nitrogen excreted. It is difficult to decide this accurately, but 
it is generally assumed (Xrehl, Kraus and others) that it is 
probably sufficient. After all, since the actual increase in heat 
production is very moderate and in some cases may be very 
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I iti^i iodeMl, it u tasy pDuugb to actrept tliis coDcltuiion, but 
J we an by no tneuu so ronlidpnt in uMuniing that thi^ increased 
I beat produeliou does duprnd solely on tlit- iacrcaj^Ml aitroKcnous 
I dwampontion. 

The qaestion aa to tfae ciianges in the proportiooa of the 
i Tariijua nitrugenous substaiiL-es in the urine brought about by 
I ferer ia probably a rery important one, but our infoniiatioa oo 
J Ihia point IB not aa yet wholly aatiafactory, KotwiUutandinc 
I the tmet that the urea output ia absolutely iacreaaed, the increaae 
I fai the excretion of other nitrogenoua eubstanceti may be lueb 
I that it actually forma a amaller percentage than normal. 

Gnat aBphiak waa laid by Krritl" on the appearanee of 
iiiiiwM la tM orina in fcnr; and there were fonna of deolero- 
■■■taw whicfa ba nfardad aa partkulariy eharaeUriatio of febrile 
_ SVtMO. IndeMi. he earried thw idea *o far as to aanniw that tbt 
■.faraatioa of albmoiiMi might fnnii^ the nal eaniw uf tb* febrile 
i-iaa»<ioB, and abowed that the injection of meh albnmoaea derived 
I AvD vviona aoureai would eaaa) f ev«r in anbnahk He haa retnelad 
"ma, howwnr, aiaea it haa been abown that tbe fever thua 
I ia pmbaUy doe to impuriiioa. and mow it haa further 
wn, eapeaially by Diataofay," that the oceurmnco of albumoeei 
I ntina la bjr no isBana eoiutant in fm-er, atiil that it dependa 
on the iwbaorptioD of ovular exudates and tiarne mrnaioa. 
f tbe other DttroKeooua aubManeea the anunu&ia nmoui to play 
liaUy important part, baiur axeretad in icrvatly inerMaad 
in eome febrile dHeaMa. CrbaB* rwoonli tlie excretion of 
. in one dur in a eaaa of meaalee and Haltrrvardtn " and 
lee raeofdad duly exeretJoa of 1.7fi to 2 Gm., alihou^ the 
I Dot mofo than 0.7. Tbia ta dinibtlaw due to the fonaation 
n otfanie aeid mataiiala in Iba nottrae of ihoM iliaeaaM wfaieb 
1 nantnUiiaiioB by tbe amroooia eet fne in the deeompadtion 



> Cebfile arine. and, aa Boifatnewafci poitrtad onl, U 
I Umly on the amoost of daOnetioo of eeDular material 
m tafcan plaee. Tho^ «v Bnglit apart in aurh a diwaae 
Bonia, and aepeeially hi the mieritual period, an Jociwaae 
lie aeid Mtpat beeanaa of Iha diNolntton of eaek graat 
J of nmlain-buldtng adfolar andala, bol an tstatuhre da- 
alrsctfan of any other (iame night ba eap ail ed to bring abovt la 
Iba MOM way an lacnaaed wis aeid ootpot. 

Bihan painta out the faet thai beth xanthia bodiea and amiao- 
addi an i n w il d ia fmr, bat in a degree varying with the char- 
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acler of the disease, for while these substances are increaaeii alike 
in measles and diphtheria, the amiuo-acids are much more increased 
than the xanthin bases in scarlatina and typhoid fever. He explains 
the prominence of the amino-acids on the baus of the extensive 
resorption of lymphatic tissue which occuis in those diseasee. The 
following table gives a few of the figures from hia extensive in- 
vestigations, which in the main agree with the earlier ones of Von 
Jakscb." 

Total I 



Measles- 
















Fever day . . 9.90 


3.23 Qm 


1.39 


4,68 


77.88 


6.15 


29.433 


Normal day . 3.70 


per 


day 


1.53 


3.86 


82.96 


7.95 


9.79 


Scarlatina- 
















Fever day . . 8.66 






1.42 


2.19 


77.98 


9.75 


9.69 


Fever day ..10.16 






231 


3.44 


71.14 


12.17 


3.71 


Convalescence 3.7S 






1.47 


2.33 


8536 


6.66 


9.07 


Typhoid Fever— 
















Earlv in fever 4.55 






1.81 


L14 


87.27 




14.63 








1.46 


0.99 


77.45 


14.71 


13S2 



A. R. Mandel** has studied Uie excretion of zanthin bases in 
fevers and finds tliem markedly increased and inversely proportional 
to the output of uric acid. He further shows that there is a constant 
relationship between the height of the fever and the quantity of purin 
bases in the urine and that a febrile temperature can be produced 
by the injection of xanthin bases. It seems from this work thai 
we have not reac-hed a position in which we can finally eetimat« 
the importance of the metabolism of these substances, bat it ia 
probable that their further study will throw much ligiit on the 
significance of the intensified decomposition and excretion. 

Much importance has recently been attached by Folin " and others 
to the excretion of kreatinjn in its relation to the nitrogenous t PBtofe- 
oliam as a whole, and it seemed probable that in snch 
as fever in which there ia a great wasting of muscle 
tiasuM there might be expected an increase in ils excretion. 

Leathea* in hia observations on febrile patients in th* .. 
found an actual decrease in the amount of this substance aa _ 
pared with the normal, but later having kept himself on a kreatinin- 
free diet he experimented on himself, producing fever by injecting 
an antityphoid vaccine and then found a definite although aligfat in- 
creaae in tba amount of kreatiniu excreted. Shaffer,** on tlie other hand, 
does not i^;ard kreatinin as a constant index of endogenous protein . 
kstaboliam. He finds it slightly increased in acute fevers regardlen 
of the muscular development of the individual. Kreotin also te 
found by him to be excreted by the subjects of acute fevers, and 
he thinks that it results from an abnormal breaking down of musda 

Krolein. Van Hoogenhnyze and Verploegh * conclude that kreatin may 
t converted into kreatinin chiefly by the liver and that when the 
liver is exhausted or injured so that ita ability to transform the 



bwitin into krettuun » durturiwd, knftUn mo; «1k> Appear io thn 
■hiM. In Mvml mes thiiy foimd krutiuin mukeaty incnaaed 
Airinc htgfa f«v«r. la tfas rase of cms «f tbamselTM thia ma 
■peulailj el«arij danonatrated, aa a brief febrile attack ooraned 
.wteg tWr atady of their mrn kreatiaia excretion. Their raaiilt 

from that of Leathea in being aaaodated with no great 

in the gWMnU nitroi^ ontpaL 



In additlaa to the above-taeDtioned aubst&ncefi, there fn- 

r in febrile urini! one or more of the Etages in the 

t of oxybatyrio acid into diiteetic acid and BC!etoae. 

Tht teetooe in that ■lacl^ which in moat likely to app<tar, and it 

li ooly in more intniBe disturbances of oxidation that the diace- 

lie acid and ozybut>-ric io turn appear. In convaleocence they 

dbappear Lo a reverM order. These substanc«« are doubtless 

fonned in aome such way aa they appear In inanition, but prac- 

linally nerer reach the abnndance in which they are present 

b that condition. They may bo made to disappear in part, at 

'. in same cases, by the administration of carbohydrates. 

Tbsy are not present in fever to any such extent as observed 

Id diabetes, bat when a febrile affection nipervenea in diabetea 

tfw aeetone bodies are uaaally increased. As to the source of 

MM attbtancea, it seema quite probable that they are dlreetly 

trivad {rom the daeompoaition of protein material, whether 

■am the inanition wUoh so commonly aeoompaniea fever or 

■am the toxie effecta of the infectious proceaa, but they may be 

s index of the febrile abnormal conaumplion of fat. 

Begnan).*' Oeppert," Minkowski," Kraos ** and othens have 
town that in fevers the carbon dioxide content of the blood 
ia dtminiabed and think that thu is due also lu an acid poisoning 
which, however, must be somewhat indirectly demonstrated. 

KMsreaaed output of ammonia mentioned above is another 
tioo of the sane thini;, 
CAiaonTMum m ncvxa. 
ith regard to the ozidatioo of carbohydrates in fever we 
very little. There are numennia statements In the litera- 
Hiiv ooooeming the disappearaneo of glycosuria in diabetes 
when fever suporrcnas. 
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Bleiweis* showed that this was inconstant and that ioc 
snunilfttion liinit for sugar migiit be lowered in febrile < 
Riehter" confinns this inconslancy of tie effect of fever on glycosuri* 
and diabetes and also makes llie statement that in fever, alimentuy 
glycosuria is easily obtained. It can be ahown that it is the rafe«tian 
and not the elevation of temperature wUieU stops the glyeosiiria 
In diabetes, for the byperthermy retnilting from heat punetoie has 
no effect on adrenalin glycosuria, while bacterial infection with 
fever prevents such glycosuria. 



The whole subject of alimeDtarv glyuosuria in fever has 
been considered by Di Campagnolle '' who finds that the limit 
of assimilation of dexlroae ia markedly lowered, Ott** foui 
that in febrile animals the storing and subset|iii;Dt c 
of glycogen occupied a much shorter time than in non 
animals, and he suggests that in man the exhaustion of 1 
stored glycogen may occur more rapidly than in health. 
Faton ** also finds from experiments on rabbits that the ^mfN 
elevation of temperature increases the rapidity with which t 
glycogen of the liver Lb converted into glncose, and that in i 
fective fevers tJie glycogen in the liver is quickly reduced, 
interesting paper is that of Holliuger,"* who studied the 8U| 
content of the blood in health and in fever. The normal contc 
is greatly exceeded in almost all eases of pneumonia which ll 
studied. To such an extent did this hyperglycatmia rise that 
bad these cases been diabetics there would c«rtainly have been 
glycosuria, but none occurred here. In other forms of infection 
also he finds a similar byperglyca;uiia. 

May and Weber, as we have already mentioned, held to the 
idea that they could by the administration of carbohydrate dar- 
ing fever reduce protein destruction to, or even below, the 
normal amonnt, and, indeed, they were able to reduce the 
febrile destruction of the body protein to a very great degree. 
The exact explanation of this is not perfectly clear even yet; 
whether they merely supplied the deficiency resulting from 
inanition which would otherwise be supplied by protein, or pro- 
tected protein from tlie effect of the hyperthermy alone, or 
whether finally the carbohydrate given could protect to some 
extent the protein of the tiasnes from toxic destruction (whidi 
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L in difficult to decide. Wober, 
unsbli- in thia way tu protect the 




I entirely inprubable) 
nr, ailmiltftl that he w 
* protein euinpletely. 

nincli, MUUer Mid Solly, in their studies of tupography 

of beat production, have etnphaiiizetl the imp))rtau<'e of the 

tiver in this proceas txKaiue they found that it was the warmest 

f nrgau. Blnch and fiully " invcatigatMl the efff^tii of heat 

I puncture on a curariied animal an<l found that fercr could be 

I pMidaetd in tiuae aniinale, which leads aapport to tlie idea that 

t heat pruduction oocun in the liver, and that it depeiida uo 

t noa-DitroseoouB metabolism of the liver. It waa but a 

Mt atap to Uw inveatigatioQ of the effect of heat puncture in 

r B glyeogeo-fne animal, and Roily '* found that in such ao ani- 

[ OmU luat pnnetnre ia impotent to produce any elevation of tem- 

[ peratura. If, however, the glyoogvu be rratorMl to the animal, 

I fever production takes place. Infectiuna, however, give rite 

I to fever in glyevgen-Cree animala quite aa well aa in thoae with 

Y abundant carbohydrate supply. Senator and Richter " re- 

I palled tbia wuric and found that after making the animal glyco- 

tt-frre by poiaoniug with BtoehQine the heat puncture 

Iprodooed almoat aa hiffh a temperaJun aa in wetl-nouriatied 

\ nhbila, and thoy nooclade that the prodnetieo of fever ia not 

I dapaiMkat on the preaenee of f lyeogen, and, Indaad, that hyper- 

I thermy doea not depend on the burning of any apecial anbatonce. 

|b ny iodffniait. Iha poaitivn reaolta of Senator and Richter 

t hsre greater weight than the negative reaulla of Hirach 

1 BoUy, aqwoiaOy in view of the oneertainty which attends 

I difficult operation of beat puncture in the pro- 

1 of fever, and we are tbua deprived of the brilliant 

"ttplanatioo of beat production which Birach. Milller and Roily 

attempted lo fumiah na. It seema evident, however, from the 

Dther experimenta and obaerrationa, that carboliydratea an 

well oxidiaed In fever, and perhapa even particularly tvell if 

wa neeapt the reaolta of Hollinger At any rate, it appear* 

that hi the farera that have been atudied the carbohydratea are 

rapidly oddiaed and may even prtrteet lo a oertatn degree the 

proteina which are otharwbe ao qnidily attacked, and we may 



I 




HARVEY SOCIETY 



fever i^^| 
ivea in thrf^^ 



the more readily aasume that in the later stages of i 
which Qo great quantity of carbohydrates has been giveu i 
food the oxidation finally depends chietiy on the protfiin and fat. 

WATER MBTABOUSM IN FEVEH, 

As to the water exchange we again have rather conflicting 
ideas which doubtless depend on inaccuracy of observation and 
on complications which are not necessarily found in all febrile 
affections. Such complications may Eirise, as is obvious, from 
disease of the kidneys or of the heart or from general disturb- 
ances of the mineral metabolism which depend on degenerative 
processes in the tissues as a whole. Here, again, it is the water 
balance which must be accurately determined so that the obser- 
vations of Glax," who neglected the respiration, perspiration, 
etc., and decided on water retention in fever, can hardly be 
considered. Somewhat more exact are the investigations of 
Riva Rocci and Cavallero," who weighed their patients and esti- 
mated the respiratory exchange, and thus calculated the water 
excretion from the skin and lungs. They found a variable 
retention during fever, but a great output of water at the eniki 
of fever. Krehl and Matthes found that the heat loss in fen 
from evaporation preserved its relation to the heat loss 1 
radiation and conduction — an abnormal condition — because i 
health the heat loss by evaporation is extraordinarily vari&btttl 
and after muscular exertion the increase is 
parison to that by radiation and conduction. Wassilewsky^ 
finds in the study of many febrile diseases that the evaporation 
from the skin is very low during the stage of increment of the 
fever, somewhat higher but still below the normal during 
fastigium, but greatly increased in the stage of decrement. 
Lang " experimented with tuberculin fever and found that 
there was a marked difference in fever between the evaporation 
of water by the lungs and by the skin, for, while in health the 
excretion by the skin per square metre may be 13 Qm. per 
hour, increasing 100 per cent, after an abundant meal and very 
ranch more after muscular work, it is also about 13 Gm. during 
the height of fever. On the other hand, the normal man. 
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cilulea 0.21 Om. p«r kilo from thp lungs and 0.27 nitir a meal 
The febrile patient may exhalr whil•^ fKKiinff 0.32 Qm. per kilo 
fran Ute lunga. Thtia in fever the evaporation from tfae lut>Bs 
I f> ineruaed 50 per ceaL and the total lorn of water is 20 per 
Thai the insuffldeney of tho evaporation from the akin 
I in f«w miwt have a very important role in the nh'vation of 
[ the temperature. It must be sunKeitted, however, that in this 
I work of Lang only ooe type of fever is cotwider^d, wh*rra« it 
[ il wtU knoiro that in certain other type«. such m tliat seen 
L Jn (abereoloiis and acute rheiiniatisra. ibrre may be a great 
I daal of fwcatiiig 8»ociated with high fever. 

SehwcmkeDbecher " ha« devoted much attention to the water 

I «xehanse in fever and tiuds that the eieretion of wat«r varies 

I perhaps more with the "direction" of fever, ns he cxprnwes it, 

I than the aettial height of temperature. He finds that in pneu- 

I there ia, oo the whole, nu marked reientioo of waler, 

Igh that is usual in typhoid fever and tubenmlosis in the 

' that, although the patient loses more water than the 

iKalthy peraOn, he also excrelea idoit solid substance and may 

beeotne nlatitely water rich. He follows Ijichermeister in hi* 

ideaa of beat ivptUlion, flndinft that the febrile person with 

Us elevated temperature excretm water when the heat pro- 

Iduetko is still further elevalM) by a meal, in the same propor* 

I tion as the normal person. The amount of water at the com- 

tomd of thaae meehaniams is very eonsidersble, so that until we 

have man aoeurate knowledge of the water bslaaee we can not 

aprtain); »mume that the diuresis which aeeompaoies the crisis 

I ia eertaln fevers ia dependent on a pre\-ions a<rUve retention of 

It is clear that thiae ohaervatioos of Schwcnkeobecher 

Band Imag and otbera give oa information only as tn the alt«ra- 

■ of the water etchange which have to do with heat regola- 

I tion, while the total water melaboliain is not elucidated by this 

For that parpo«e we mttst have such ahmlute figures 

■■ are to be found in Staebelin's table, from which we learn 

that the dof infeeted with surra took in during the whole period 

with the food and drink 9030 Qm. of water and itxereted alto- 

■ttbar U^SS Om.. the water of urine, fseea and leapiration 
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being measured. The dog thus lost during this period 
Gm. of wat«r, which, in spite of the fact that some cedem* 
developed, does not argue for the retention of wat«r.* On the 
whole, while the diminution in the urinary output during the 
height of fever ajid the concentration of the urine are well 
known in contrast to the increased urinary output at the crisis 
or in the early days of convalescenee, the attempts made to 
demonstrate, in consequence of this, increased water content 
of the blood and tissues have not been distinctly successful at\ 
wnvincing. The explanation of the decrease in the amount of 
urine has generally been attempted on the basis of disturb- 
ances in the blood-pressure and pathologic changes in the kid- 
neys interfering with their function. It seems, however, that 
in view of the sudden restitution of the functional activity 
of the kidneys in the crisis, the disturbance must have heeo a 
functional one rather than an actual anatomic lesion, and one 
can hardly escape the idea that if water is retained in the body 
during fever it is not because of the inability of the kidneys 
to excrete it, but rather because it is needed in the tissues to 
serve some good end in the furthering of the febrile reactioib^ 
Much more accurate work is needed for the clearing op of 
subject. 

MINERAL MBTAB(H-1SM IN FEVEH. 
Of the metabolism of mineral salts in fever we can 
with certainty only of the relation of the Kodium chloride, 
distinct retention of the sodium chloride in the tissues 
to occur in certain febrile diseases, although not in all. Ee<J- 
tenbacher " was the first to point out such chloride retention 
in pneumonia, and his discovery has been abundantly eonGrmed 
by Rbhmann," Torray," Moraozewski," Hutchinson " and 
many others. It is found that the amount of sodium chloride 
excreted in the urine in pneumonia is very greatly decreased 
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* In another paper" Staehelin intimates the effect of nij 
sweats in tubcrculons patients anrl finds that sweat as such has 
inflneoM on the consumption of enei^ and has not nearly 
cooling effect that mtg^t be expected, and that its eigTiif<i-.aiic«, ' 
ten, ttaut be aong^t elsewher* than in the beat regulation. 
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^ nniH Uw erWs, wban it ii exervtod in Iarg« uaoaots. ThU is 

e ersn tboocfa an iDcreaaed amount of aalt be grvcn in the 

thonght that the rctoDtion ww duv to a 

I of aodiiini chloride with cimulatioK proteins in 

Ibe blood, bat this haii been diiiproTpn. and it is shovi-n that tbe 

•rumulalion rrolly takra plac« in thv limuot, Loyden, who 

Biphasize* the iTt4>ntinn of wal^r during fever, held the view 

wt tiM nientioa of cfaluridea waa for the purpose of m&iutain- 

g tbi) iaotonieity of tbe tiasuo fluid*, and in thia Terray agreed, 

nt it aevma, aa Hutchinaon pniola out. that tht' amount re- 

LtaiDFd is far greater than is n«c«(wary for that piirposo, and 

rVDDie other explanation mufit be found. This ia the more diffl> 

f enll. sinre ntbrr fcvora, mob as typhoid, nhow no such ronstant 

dtlfside ref-ntion. Another suKtreiition ia that the chloridea 

KsKnally forming a mnatitaent of the exccasive exudation in 

■pneumonia may explain the n'tention, bnt even this, aa Terray 

I thown, is quite ioiuiSicienl to acccmnt for the amount re- 

Ltained. In malaria it has br«n found by Rem I*icca and Cae- 

* and also by Terray that the rhloride retention is to be 

KabMrred on tbe ferer-free days, while there ia an increased 

ntput on the days of fever, and they think that the groat 

I'destmrtion of red eorpuaeles u sutCcient to aecoont for thia — 

■irain an improbability. 

Wa loMTw ft lillla about tba axoratioa of oUnr mineral sdb- 
■taocaa in fMW that wb oan hardly raaort to lb« oosndcratioa of 
ika balanea iMsUy wahttahMiJ batwasa Umm anbataneaa ta oitlar 
ta aiplaiB Ihn divaniaaaB fnm Donnal in tha rdalioo of tha cUorid«. 
It BMy haw a &net nlation to tba cxovtion of phoapltat«a. aa 
t tkwB itM Umn«(iL Than la a imat dial of diqiBla abnat phoa- 
fhwas aiMu l i ao in fna-, bat MoranwnU talla na that tha pboa- 
pfeara oentioa is InCT ta aaJ, wpaoaDy with napMl to tba acid 
phHuhiriM. Tba rriatioB batwaen tba pboapbonu aieivtion and thai 
of tt» caWniB is wbO known In ba lalimata^ aod H is *1at«d that 
tha lakhiiii awratiaa ia dhniaithMl in fercr, bnt thai aflar •«■• 
flw— IBS this ntaatjOB of Mldnm pbospbat* is nonpaaaalcd for 
to an incnaaad unatim. Pathapa llw moat aatiafaetciry paper no 
Aa aaVtart b Uw naant one by HoraesawriEi,** in wbiob f«ae« of 
p— la wiia , lypbold. malaria aod tabarraloBa an auidlad. All tba 
aw srtl ww of Uw aariisr wrhen ars mofinaad aa far aa they gn, 
mat is pDsamnRia a very dMinet oitJeal riaa in the phoapborw and 
1 cs«mioa ia nolad, tha esrretion of Ibssa wihdiiw n- 
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maining high after the crisis, wiiile the chlorides are eitnmely low 
until eeverol days after the crieis, ivhen they suddenly increase. 
Moraczenski gives a scheme to illustrate the relations of chlorides 
and phosphorus to the temperature carve, which he divides into 
several periods. The onset of the fever brings with it an increase 
of chlorides, deerease of nitrogen and deereaee of phosphorus. In 
the second period the chlorides decrease, nitrogen increases and 
phosphorus decreases, but begins to rise a little lat£r with the 
nitrogen. Prom this condition, in which the chlorides fall very low, 
there occurs a change with the fall of temperature which consists 
in a continued increaeed output of nitrogen and of pboftphor 
while the chlorides increase to nonnal or above it, all finally retnmi 
to normal. 

Let us now, after this somewhat wearisorae discoBsion 
the details of the metaboliBin in fever, review very briefly what 
has been said about the whole subject. We find that in fever we 
have a reaction which is occasioned by a variety of injurious 
influences acting on the body, a reaction which is characterized 
by a moderate increase in the oxidative processes, and conse- 
quent moderate increase in heat production, but more especially 
characterized by such changes in the heat regulation as lead to 
disproportion between the heat production and the heat loss, 
and a consequent rise in body temperature. The disturbances 
in metabolism are found to consist, not especially in the oxida- 
tion of non-nitrogenous substances which are predominately 
concerned in health in the production of heat, but in much 
greater degree in the deatruetion of protein material, not the 
protein of the food exclusively, but in a pre-eminent degree 
the protein of the tissues. The destruction and oxidation 
carbohydrate and fat goes on in fever also, possibly to a greal 
extent than has generally been supposed. The changes 
mineral metabolism are as yet bnt imperfectly understood, bl 
it appears that in the course of fever, water and certain mini 
salts are at times retained in the body only to be excrel 
later when the febrile process is over. On the whole, the chi 
in metabolism is not one particularly marked by its intensil 
but rather by the peculiar proportions in which the materil 
are concerned, and the formerly accepted idea that there 
have to deal with a greatly increased oxidation is upheld neil 







hf the unoutit of heat production nor by the qnantity of oxid&- 

Hm prodncbi recultinic. It t»twn from th<> conntaQcy of tbe 

ttaneten of the febrile reaction, nn m8tt«r what the exciting 

of the fpver be. that wo OAn not reiiard it aa IJie mere 

iffr«t of thff injuriouB agent on the panive body, but miwt 

nther look on it in the li)cht of an elaborate modification of 

ihaioicsl pn>p«me« evolved in the i-ourse of o«ntnries of develop- 

nt to answer nome Npccial purpOM-. ItiKvma probablo that 

vy dfftail of thia rwartion is that which is best calculated to 

;• its own Kpecial part in the making up of a whole well- 

ii«d plan. Rv«ry available ntechanism i^o-opemtea to the 

Vttertnoat of its power in the first stage to elevate the tempera- 

r« of the body j wfaon that tomperatun is once brought to a 

tteMs levd, miay of thcae meohanisms are no longer necea- 

7, aaA wbea the fdirils t«ffip«ratare itself U no lODcei* 

etiur mechanitnu are M)tiaUy afitive in diacbarging the 

L "nie aim of the individual peruliaritiea of metabolism is 

•0 easily gratiped, but it ia here again quite as difficult to 

>pe from the conviction that they are designed t^j play their 

L in the general plan, and becBUiie thin reaction has devel- 

in tiie long proe csw a of evolution, it seems inevitable that 

ptao is one devised for the good of the organism, and that 

is in its eswntials a protective reaction. This idea ia 

. by my raeans new, but has prwaJIod for centuries, being 

L throughoat whole periods in the strugglea of phyaiciana to 

« the fever rccardless of the disease, and it is only in recent 

n that it has again become nsoal to think of the fever aa 

ibahly a hmeflcial reaetton which ahould not be interfered 



Some lieht has been ihcd on this by the controvenies resard- 
ing the nsefulnoM of antipjTetica, about which a very consider- 
able literaturv has sprung op. In just what way the fever 
acta beneflcially it is almost impomible to say in the present 
state of our knowledge, but the recent studies of the develop- 
ment of immnnity, which show that when tbe tissues are at- 
lai'ked and injured they resrt by devrlopinit en jiunrnniziog 
aufaatanee. probably offer • general eiplanation for the type of 
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reaction with which we are dealing, which agrees in so many 
particulars with the behavior of the organism in the known 
derelopment of immunity. The very fa^ts that when the injury 
is overwhelming we may have no febrile reaction, and that when 
the course of the intoxication suddenly changes to the advan- 
tage of the organism the fever ceases, point to a close analogy 
between the febrile process and the process of the production 
of immunity. Why the heightening of the temperatore of 
the body should be necessary is not perfectly evident, but it ia 
easy to believe that under those circumstances the production 
of immune substances might proceed in a way impossible at a 
lower temperature. In conclusion, then, I can only express 
my conviction that the febrile process is a reaction beneficial 
to the organism and doubtless intimately associated with tbft 
development of protective substances to combat the injorioonJ 
agencies which have invaded the body. I 



Note. — Since the delivery of this Iwture there has appeared the 
veiy intfireeting paper of Roily and Mellzer (Deutseh. Arch. f. klin. 
Mad., 1908, xeiv, 335) on the significance of hyperthermy. They And 
the growth of bacteria eotoewhat inhibited by temperatuTes of 
40-41 C. No certain result could be obtained as to the proteoljve 
^ect of overheating on Bnimals infected with bacteria when luga 
quantities are injected at once. If, however, smaller quantitiea 
are injected daily there is a distinctly favorable influence. Heating 
alone does not change the alexin content of the blood, end the 
affect of besting on phagocytosis is indefinite in the animal, but 
Up to 40 C. is apparently favorable in i>t(ro. Heating has no in- 
fluence on the resistance of animals to fatal doses of a bacterial 
poison, bat vhen smalt doses are given agglutinins and bacleriolytie 
snbatances are prodoced far more rapidly and abundantly in ""'TtitiN 
which are kept overheated than in those which are kept cool. 

The febrile temperature injures the orpanism to a certain extant 
by canaing loss of weight, lowering the bnmoglobin index, etc, but 
there are no definite injuries produced in the organs even by a 
long heating. Even though overheating can not be regarded as snraly 
identical with the condition in fever, it is probable that this paper 
marks a tnoat important advance in the comprehenaon of the tne 
nature of fever. 
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METABOLrSM IN DIABETES* 

GRAHAM LUSK 

UltivaMt; «od B«Uavue IloapiUl Modickl Colleev, 
New York 

IN my vtiidrat dsyi in Germuiy tlnring the winter aemester 
uf 1888, I visited the laboratory of the botaniciil garden 
of Munich to coll on 0«car Lww, whu hod some time before 
been anitsnt to Ur. R. Ogden Doreuiiui in the City College of 
New York. Loew ihowed nie how he waa pawing thfi vapor 
of methyl-alcobol {CII,OII) over hot oxidized wire gauze and 
eoUe«ting a product in water which waa fomialdehydu (CH,0). 
Thia he ahook with milk of lime and obtained, after further 
tratmeiit, a ayrup which waa aa swwt as Bugar and which 
ifepr— toted the coodenaation of aix moleculea of formaldehyde 
linto one of augar. This artificially prepared lynip gave muiy 

for augar, but did not rotate polarized light nor waa 
Loew able to cryBtallize it. At the time I had been preparing 

iu Voit'a Munich laboratory. 1 told Ijoew of the 
difflonltiai of the cryatallixation of lernloee, and that my leru- 
loaa ayrap would cryataUiza only when eryslala theniaelvea went 
■ddcd, and at bii requeat I sent him aone of mine. Bat, alaa, 
tba iffart waa futile. I can nerer forget the alternate entfanai- 
■am and deipalr with whieh he tried to diaeover the blddan 
••erat of bia precioua ayrup. About thia same time Emil 
abowed that th« nibatanee vchieh Ixtew bad in bia banda 

of that kind of leruloee whieh ia opticaUy inaotiTe, 

nizture of right and left leraloae, and Fiaehar 
bow lemloae eoold bLb be trBOafarmed iDt<i 



Laetan Mitarad Norobw 21, 1908. 
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The chaogea described are 
formulas : 

H 
I 
H— C— OH +0 
I 

H 
Methyl-alcohol. 



Formaldehyde. 



cording to the followioj 

H 

C-0 + H,0 

i 

Formaldehyde. 
COH 

H— C— OH 

OH— C— H 
I 
H— C— OH 

H—i— OH 

CH,OH 
Dextrose. 



The triumphs of pure chemistry are leading nearer 
nearer to a more perfect critique of the processes underlying 
biologic phenomena. Long ago Baeyer suggested that the for- 
mation of sugar in the leaf was through a condensation of for- 
maldehyde molecules into dextrose and this year Qrube * has 
shown that formaldehyde perfused through the liver of a tor- 
toise is converted into glycogen. 

Thus the laboratory may throw a vivid light on questions 
of fundamental significance in the biologic world. It is from 
the laboratory standpoint that I wish to direct attention to the 
diseased condition known as diabetes. Some may ([uestion the 
right of a laboratory man, a physiologist, to present to medical 
men a scientific discussion of a diseased condition. In defense 
I can only quote to you the stirring words of Magendie written 
in Paris as long ago as IS'iG as an introductory to his "Elements 
uf Physiology," a copy of which I inherited from my father's 
library. Magendie aaid: "In a few years physiology, which is 
already allied with the physical sciences, will not be able to 
advance one particle without their aid. Physiology will acquire 
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As mmut rigor of tnethod, tbe Bamu preciaioo of language and 
the MUDe eXBctitudu of rmult m ('harnrt4>riEe tfap physical 
Medicine, which is nothing more than the phyHiology 
of the sick man, will not dvlay Uy follow in the same direction 
and to reach the jtame dignitf . Then all thuw falm interpreta- 
tioas which, as food for the wcakciil mitidH, bare tto long dia- 
flfnred medicine, will dinappear." 

Let ua, then, inquire intu the pathologic phyaiology of the 
man aiclt with diatietes. 

Diabetes mcllitua ia a condition in which the power to bum 
mgar within the organiara ia partJy or completely destroyed. 
Tht4 condition ia not to be confounded with that of glycosuria, 
which occura when the tnigar-boltUng capacity of certain organs 
haa been redac«d or overstrained. 

Claude Bernard'* oflebraled expiriment, called la piqure, 
in which he pricked certain uervc-ccUa lying in the Boor of the 
tonrth ventricle, mulled in the appeaniac« of sugar IQ the 
urine. Btrnard named thia group of celts the "diabetie oeo- 
tra," and from this experiment has arisen Ibe emnwons belief 
liabetaa ia aw e n ti ally of nervous origin. It baa, bowevar, 
basD daarly ftemooatraled by Dock ' that (d piqvre does not 
eaoas inigar excnftion if the animal experimented tm be fasting; 
that is, if the organs be frei- from glycogen. U ia, therefore, 
apparmt that the nerve impulws from the w>-Kall«d diabetic 
osBtl* aimply reduce the capacity for holding glycogen on the 
part of tba Itvnr and perhaps of other organs, with the result 
that the bk»d la flooded with sugar which U eliminated by the 

Macleod and Dolley ■ show that after injection of ntootine. 
which aeu Lu piwnit the transmission of impulsea through 
lyapathetic ganglia, stimulation of the diabetic centre eausca 
Bdtiwr glyeosuria nor Iom of liver glyeoffeo. 

The "atarvation diabetea" of Hofmeister* ia aaotbar a- 
ample of glycosoria in which sugar iagcstnl readily appears 
in the arine, beeaoae of a weahenad power of the organism 
to retain it as ^jreofeo. Bran in oonnal health nnllmited 
of sugar ean not ba (iran vithout a portion appear- 
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iug in the orme. Thus, Moritz * found 2 Gm. of dextroBe in 
the urine of a Bormal man who had received 200 Qm. in hia 
food. Here the dose evidently surpassed the regulatory capa- 
city of the glycogenic function. Moritz* also found sugar 
the urine in the cases of four out of six men who had liberally 
partaken of carbohydrate food and champagne. 

Another type of glycosuria, discovered by Von Meiuig,* 
occurs after the administration of phlorbizin.' There the quan- 
tity of blood sugar is reduced, since the blood coursing through 
the kidney has no povrer to retain its sugar. Hedon,' in one 
phlorhizined dog, found sugar in the blood in an amount too 
small to determine at a time when the urine contained 11 per 
cent, of dextrose. Small quantities of sugar given in phlorbudn 
glycosuria are completely eliminated in the urine," but if large 
quantities be ingested the organism is foimd fully able to bum 
sugar. Prolonged fasting does not entirely remove all the 
glycogen from a phlorhizinized dog," but cold or mechaoieal 
work is able to do so." 

Von Mering and Minkowski " removed the pancreas from 
dogs and obtained a condition which was markedly analogous 
to diabetes mellitus in man. There is byperglyciemia and a 
large excretion of dextrose in the urine; ingested dextrose can 
not be burned, but is completely eliminated. The dogs show 
a considerable acidosis, with excretion of beta-oxybutyric acid, 
and they die in coma." If a portion of the gland remain in 
the abdominal cavity there is either no diabetes or only a partial 
diabetes. If a portion of a pancreas be transplanted into the 
abdominal cavity of a depancreatized dog. the diabetes is 
stopped or reduced as long as the transplanted piece remains 
functional. Such experiments as have been made in man 
have not been successful. Minkowski '* reports that if a piece 
of the pancreas be ingrafted under the skin of a dog and after- 
ward the whole of the remainder of the pancreas be removed 
from the abdomen, the dog's urine remains free from sugar 

* This spelling of the word was determined by Von Mering and 
should be universally adopted. Upine writ«e, " En tout cas, su point 
da Tue de I'itymologie, phlondziae est on barbaiisme." 
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for two mootlH, but on extirpation of the piece iagrnftod under 
Uw iUn an extreme diabetM leta in. 

Minkowiki ** cariy Dotioed tbat the Livera of depancrutized 
do^ were free from glycogen. This is further cinpbMued by 
the recent experinu-nts of AUard,'* in Miukowiiki's laboratory, 
who has ifaowD that Revere cold will not incn«ae the augar 
oatput io completely dcpancreatiied dogH. The vflect of cold te 
to prodnoe abivenng which would convert into dextroae any 
Bviilable glycogen, were such within the organism. 

Curioualy enough, although the depancrealized dog is free 
from glyeogen, and ingeeted dextrose can not be convcrtixl into 
glyaogvii, yet wbao levulon ia given glycogvii may be largely 
alored in the liver. The capacity for glycogen f<pnaation ia, 
therefore, intact. It would wcm that when the cella of 
the orgaoiam were hungry for dextroee then an inhibition 
waa laid on the liver, preventiog its storage of glycogen from 
daxtroMu Bang " Snde nu glycogen in tlio livcni of depan- 
eicatiaed do^i, but finds that these same livers contain a diaa- 
tatie ferment which acts energetically on a solution of glycogen. 
Bang and hie pupils '* have ahown the same thing to be true in 
pUorhian ^ycoenria. 

Zoots " removed the glycogen from a normal fasting rabbit 
by atryofanine oonvolaioaa, ax>d after 119 boura of further fast- 
ing found 1.3 Qm. of glycogen in the liver and muaolea. Ilence 
the normal fasting organiam has the power to construct glyeo- 
gan. But in both pancrvas diabetes and in pUoriuzin glyoo- 
BDria" this power to convert dextrose into glyeogen is abao- 
lately loat. 

From this dbouBWo it ia evident tbat when dextroae can 
Dot be bomed in the organiam the qmtheaia of glyeogen from 
daatruae ia in abeyance, whereas the reverse effect, the eoDver- 
»aa of glycogen into sugar, ia entirely normal. 

Hu facts already noticed lead to tbe important e 
that exposure to cold, whicfi brings about an adaptirs li 
in heat pnduetico by greatly inereaaing the fat oomboatioo. 
doea not inereaae the sugar oatput in either paaereaa or pblor- 
biiin diabetaa. Henoe tbe sugar output ia not eonoeeted with 
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the quantity of fat metabolized. It has also been shown 
mechanical work, to aecompliah which a doubled metabol 
of fat would have been required, is without effect on the output 
of sugar in a fasting phlorhizinized dog. Seo '^ has made 
similar experiments in pancreas diabetes. When there Is a 
partial extirpation of the gland, and, therefore, only a partial 
diabetes, exercise reduces the sugar output ; the conditions for 
its oxidation are improved. But when the pancreas is com- 
pletely removed, then the sugar output actually increases dur- 
ing the working period, f« be followed by a compensatory redno- 
tion, BO that in the aggregate mechanical work is entirely. 
without influence on the sugar excretion. 

From this discussion it may be safely stated that the fi 
of fat metabolism as increased by cold and mechanical work 
without influence on the output of sugar. 

The glycerin component of fat when ingested alone 
diabetes is convertible into dextrose (Crenier, Liithje), It 
be that when large amounts of fat are ingested the glycerin 
radicle may be absorbed before the fatty acid radicle, and in 
that way involve a small production of sugar from fat. How- 
ever, A. R. Mandel and I " have given a phlorhizinized dog 
100 Gm. of fat on a day when the dog actually burned only 
69.5 Gm. of fat, and yet there was no increase of urinary sugar. 
We have also " given a diabetic man 222 Gm. of fat without 
affecting his output of sugar. 

In the acute form of diabetes melUtus in man, there is com- 
plete loss of power to bum dextrose, and one may infer from 
the similarity of the conditions to those of pancreas diabetes 
that the tissues do not retain glycogen. It is evident that such 
en organism must exist at the expense of protein and fat. 
Within the cells of the living body, certain motions are main- 
tained, which are manifest in such physical forms as heat, work 
and electricity, llieae material forces are not generated from 
nothing, but from an exact equivalent of potential energy resi- 
dent in the materials burned in the body. The ri*quirement 
of energy for the maintenance of the life of a man is fixed and 
definite and in general amounts to 32 large calories per kilo- 
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t of body Hubstuioe io rtarvatJoD and to 35 ealorit« per 
kilofrunine when u averagv tniiccd diet is tjik<^n. Tht^ diabetic 
who can not bom dextroae ia thrown od protein and fat as 
■ooron of hi* potential energy. Were tliia an uneomplicated 
■ittution a diabetic could doubtleaa imitato the habita of Uic 
Eaqnimo, who hwn ou oil and meat. But it fauppf^ns unfor- 
ttuiatcly that a major |K>rtioii of th«> intccHled pnitein ia convert- 
iblp into aui^r in the diabetic orgaoiHin, and that tbia sugar 
which ia I'arriwi away by the urine may ciintaiii by far the 
gnatcr part of the potential pnergy of protein which is avail- 
able for cell life. To cumpQUaate for thin, the protrin metobol' 
tarn iDcrcaiKa, but fat netaboliani remains thf mainiitay of the 
life of the diabetic M it does in the fasting individual. lu 
diabetn the proteio metatxrikin ia abnormal, and eonditions 
▼uyiog in aeveritj' alao arise in which the end-producta of fat 
Btrtmbolisai, aocfa aa beta-oxybntyric acid, aceto-acetic acid and 
acetone, do not bom, hot amumnlalfi within the organbrn and 
axe eliminated in the urine. 

The Bo^r production from proti'in nay first be cuundered 
■od later the origin of the so-called "acetone bodies." In thia 
diaeiOBkni lh« orifaniam must be considered aa a chemical 
UrUnj workios on definite inat^rialK. 

Minkowiki ** found that, after he had extirpated the pan- 
e n m io dofi, whether they werp fastinft or on a meat diet, there 
waa a mnatant elimination of nitrogen and dextroae in the 
urine and that these two suhatancaa were slwayi in eiaetly the 
aame proportinn day after day. There wen 2A Qta. of dextrow 
Cor each gramme of nitrogen. Tbme two cOTMtitoeiits roae and 
fliU togstbtr, but their n^Iationahip, called the D:N ratio, r«- 
Mrincd oonatmt at 2.H to 1. Since each grarame of nitrogen 
fai the nrfaie rvpreaenta a dcatnietion of S25 Qta. of protein in 
the body, it is erideat that 2JS Qm. of dextroae nay arisa from 
6.S& Gm. of protein, or protein yields 49 par cent, of dextroae. 

Cremer *' found that, after the frwioeat Ja>wtioa of phlor- 
hixin. in the case of one faating rabbit, tha teeond day 'a arine 
gave a D : N ration of 2.8, and he woodered if it wen always *>. 
This waa repeatedly ooafirmed in ny Uboratory,** when it baa 
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also been shown that the same ratio tnay be obtained in i: 
hiEinized cata " and goats.'* 

The D : N ratio of 2.8 to 1, which indicated a production c 
45 per cent, of sugar from protein, apparently represented t 
upper limit of sugar production from protein in diabetea, 
Minkowski's classical work did not include an ctperiment ia 
which gelatin was ingested. I, therefore, tried to determine 
the amount of sugar which phlorhizinized rabbits would pro- 
duce when gelatin was given. It became apparent that rabbits 
were not satisfactory animals for this kind of diet and so I 
began work on a dog.'' During the first days the known 2.8 
ratio could not be obtained, and it was fancied that this was 
on account of a rich si^ar and glycogen supply in the dog. 
A continuation of the experiment on another dog showed that, 
even on the fifteenth day of diabetes, the 2.8 ratio appeared 
to be as far off as ever and that a higher ratio was constantly 
obtained. This higher D : N ratio was 3.65 to 1 and represeated 
a sugar production from protein of nearly 60 per cent. Qelatin 
was shown to yield sugar in equal amount. 

The significance of this ratio was enhanced by the discovery 
by Mandel and myself, °* of its existence la human diabetes 
when the patient was placed on a diet consisting of fat and 
protein. Other similar cases are now on record, one of which J 
will be discussed later. I 

A remarkable discovery of the present year is that of Palta,**^ 
who has shown that a D : N ratio of 3.6 to 1 may exist in doga 
after removal of both pancreas and thyroid. 

The cause of the variability of the ratios in different animob 
and in the same animal under different circumstances can not 
be definitely given. Falta believes that the extirpation of the 
tliyroid and pancreas leaves the adrenal in a highly active con- 
dition, furnishing a secretion which tends to promote the forma- 
ti(Mi of sugar. I do nut feel that this is the place for a detailed 
discussion of Dr. Falta's theories regarding the interaction be- 
tween the pancreas, thyroid and adrenal glands as connected 
with the sugar melabolisiii, because I have already expressed my 
inability to accept his views. My own views are baaed on tint 
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fnUmnag naaooing. Loewi ** has pxplained that thii fact that 
ia not normally cliimnattKl in tho kidney is due to ita 
nttioo with on unknown ctlloid. In diabetee mellitua 
the litood above tho power of tho colloid to unite 
eryatalioid sugar ■» found within the organism ia 
it«d by th« kidney. In pblorbizin-diab<.-tc«. how- 
aaenting kidney tobolBii have the powitr to break up tha 
oombinatioD with the rednctioa of blood aogar 
iriuoh ii cUinuiBted in the urtoe. Stilea and I" accepted Utia the> 
«ry and baliared that the dextrom in Iho coUoid-deitroae radicle 
waa not comboatible. becauw! the lubcataneooa injvction of 
S Gm. of d«itroa» in a phlotiiizinized dc^ rvaulted in itA com- 
plete elimination in the nrine. ft mnat have been spared from 
•omboiiUoa by ita union with colloid. Mandel and T '* have 
txplained the cause of the dilTeronce Iwtweeu the 3,6.5 and 2.8 
ratica by aaanmin; the existence of two diffcr«rnt chemical com- 
binatinna, an aJphnKwIIoid dextrom and a belo-olloid di'xtmae. 
By alpha dextroae i* meant thn Rugar reprment^d in the 2.8 
ratio or 45 p«r cent, of the protein molecule. The beta-dcxtroae 
ntpmcDta the additional 13.6 per cent, of the protein wbeji the 
8.66 ratio ia present The ratio would then depend on the 
mmlnwtioii or Boo-eombostion of the beta-colloid dextroan. 

In ny book on natrilion " I have called attention to the 
fart (hat in Inth the carbon monoxide dia1)etes invi<stlgated by 
Straab and the ether glyeoauria an deoonbed by Seelig, the 
Kliaary ragar la derived cxclnaively from protein and may 
tmn dinppear if the animal be iriren carbohydrates alone. 
TUs indiealM the formation in protein metaboliam of a dia- 
tiaetive chemical enrnpoood whieh yielda deztroae. If the fltbor 
ia admintiteml wHh oxygen the ^yooanria does not emae. 8o 
tta glycoauria ia doe to laek of oxygra a«tio|f on the hypotheti- 
cal ooOotd-destraaD derived from protein. It may be that 
lio glyeosaria is of ^milar nature. It ia eertain that 
fojeetions of adrenalin Rreatly reduce the blood tnpply to the 
tivUBa. Underbill and Clnmrm ** foand in one experimntt that 
the qnanlily of deitnMr in tlie urine after inJM-tinit adrenalin 
in atarration waa only aligbtly increaaed if the dog had first 
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reeeived 7 Gm. of dextrose per kilogramme. In one imper- 
fectly described experiment Underbill Btatea that adrenalin 
glycosuria ia not to be prevented by free access of oiygen. 
Underbill believes that adrenalin stimulates sj-mpatbetie nerves 
causing a discharge of sugar from the glycogen repositories 
of the body which bring about a hyperglycEemia. It seems to 
me, however, that to this may be rightly added a separation 
of dextrose from colloid-dextrose through the anemic conditit 
of the tissues. 

One can explain Falta's higher ratio after extirpation 
both thyroid and pancreas in the dog by assuming conditii 
which caitse the cleavage of beta-colloid dextrose. 

That a molecule of protein can yield sugar to the extent 
60 per cent, of itself seems, indeed, marvellous. It is in accon 
with the early idea of Voit, that protein breaks up into a 
nitrogenous portion convertible into urea and a non-nitrogenous 
portion which as sugar or fat can be used by the organism. 
Even as late as 1902 Rubner believed in such a simple cleavage 
of protein which yielded large quantities of sugar, and ray own 
papers of the same date maintained the same view. 

Kossel," however, at the loternational Physiological 
gress, held in Cambridge, England, in 1898, first drew ; 
tion to the fact that many cleavage products of protein, such 
as leuein, lysin and arginin, contained six carbon atoms or the 
same number as dextrose, and he compared an aggregation 
of such araino-acids forming protein with the analogous poly- 
saccharides. On the railway train to London after the congress, 
Koffiel explained to me that he believed these amino-acids were 
convertible into dextrose and that they formed the source of 
urinary sugar in diabetes. The same idea was later voiced by 
Priedrich MiiJler," who stated that protein which yielded so 
large a <iaantity of ajnino-acid radicles could scarcely contain 
a sugar radicle equal to 60 per cent. The great work of Emil 
Fischer has taught that the essential composition of protein v 
a structure formed of chains of amino-adds. He has receni 
hung together eighteen of these radicles in an octodecapeptii 
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itaiDiiie four leucin And fourtfieo RlycocoU nolecaW and 
l-leaeyl-triglrcl-l-leiicyt-triglycl-l-leiicyl-ontoglycyl-glycin. 

'H,NCH(C,H,)CO.[NHCH,COLNHCH(O.H,)CO.[HNCH,C01,.- 
HNCH(C.H,)CO.tHNCH,C0I,.HNClI,C00H. 

This fomiB a Iiody itkio to peptxmc, The* high tnoleculnr 
^.complex call^ protein, wbJcJi con^tituhv the biuui of our being, 
^Hyi, after all, Kparable into simplf^ chemical cotnpoundii. Tii the 
^Bbrgfr molMulc thMo araino-ai^idB are chained together, even 
^^bi in struetunl fnunework varions iron beams are riveted 
^^Bngetber. DigMtivc proteolyais or intt^rnal metaboliam rends 
^^Be bigbcr MneUtrn of tJw niolcciilr and leavra ita individual 
^^%oppnrt«, the amino-aeida. open for further diaintJ^gratioa. 

Kopcl, FHifdricfa MiUler and Ilaiui Meyvr wer« together at 
Marbnrg, and Knopf,** at Meyer 'h Huggention, gave an amino- 
uoid callMl uparaffin. eonimonly found in protein, to a dt^; 
which woa partly under the intlueu<-e of phlorfaizin, and found 
s ootwidorable increaae of sugar in the urine. At thi; uunc 
tinw 8til«a and I " fed a mtnplvtiHy phlorhizinized dog with a 
ptaerMtie digwt of meat, whicli had been carried ao far aa 
Co conlaiD only amlntHwida. l*he result wan a large productioa 
(40 per renL) of augsr frum the amino-acids invested. 

Enbden and Salomon ** have given aaparagin, glycoooU, and 
alaoh) to partly depaacrvtatixed dogs and have noted large in- 
Liaaaia in the amotint of uriaary aogar. Tbae esperimenta 
■n wanting in eompleteiMaB in that the panereaa diabetes wia 
not ■ total diabetea, and the wuao eriticiim m jortifiad coooera- 
ioff ainiUu* experimenta on phlorhiiiniaed doga by Baer and 
Blnm ** and Ql a f m aer aod Pick,** whieb have been awarded 
B reoognttioD oat of pnportioa to their worth. The true aitua- 
tion waa flnrt appraoialM) by Neuherif,*' who found glyeogan 
te tha Utot and laetle add in the uriM of a nomal rabbit fol> 
lowing the iagwlran of alanin. The amin<HKad alanin ia coo- 
verted into lartie arid by hydmtjrBta with dhninatioo of am- 
■wniia. The animonta b converted intn una. Arthur Handal 
t I " have abiiwD tlial d-lae1ie aeid ia eonplatdy ca u r ar ti d 
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into dextrose in the organism, and recently Binger and t ** 
have given 20 Om. of i-alanin to a diabetic dog and witnessed, 
its complete elimination in the form of urinary sugar. 



GH. 
I 
CHNH, 

COOH 
Alanin. 



H,0- 



CH, 
CHOH- 



COOH 
Lactic acid. 



NH,- 



CH, 
I 
CO 

CH,OH 
Acetol. 



I 



In the experiments published last June, I showed " the prolJ- 
ability that glutamic acid was convertible into sugar in so f^ 
ss it could form alanin in the organism. This would take plM 
according to the following reaction : 

COOH 
I 
CH, 

CH,'" + 
CHNH, 



COOH 
Glutamic acid. 



GH, 
I 
CHOH+NH, 

COOH 
Lactic acid. 



r be that the cleavage of the glutamic acid may 1 
t ibont by hydrolysis of the beta-carbon with the prodtM 
tion of glyceric acid as follows : 



COOH 

OH, > 

a, +2H,0 

CHNH, 

COOH 
Glutamic acid. 



fCl 



COOH 

im. 
ch,6h 

CHOH 

COOH 

Glyceric 



The glyceric acid would then be converted into dextrose. 
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Th» inetbod of givinf; individunl amino-acids in diabetes 
I mttnty BofficieDt to yield informatitiu regarding the qoontity 
r «Qgar production from glycoooll. uqiitrtic acid, serin, and 
r chAractemtic building -stones of proteis. 
Ob doaer Mnutderatian it appears remarkable that i-alonin, 
I of d-alooin found in protein and )-alaain 
I » only an artiflcial product, should be completely <^"Q- 
I iota d^ztroae. The right-handed and Icft-banded lactic 
t be equally eonvertible into dextrose. By what chomi- 
H this synthfais of glucose from i-la/-tic acid ia accom- 
I j* difflealt to conjecture. That it should be built up 
lely through metfaylglyozal and glycerin aldehyde ac- 
', to the aeheme of Wohl," neenu diSiciilt to imagine. 
Illy the lactic acid can not break up into carbonic acid 
ol, ae«ordJDg to the id^a of Stoklaaa and Biiehner, for 
a do not form dextrose within the organiom. On 
tba oUiar hand, if the lactic acid ia converted into acetol, 
CB. — CO— CH.OH, and finally into formaldehyde, aeoording to 
tlw tucfaingB of Waller Lob." the formation of dextrose from 
Um bnkcD fngmmta would be in accord with modem knowl^ 
•dfe. For we hare seen that the liver can build glycogen 
tniB famaldehyde. One might imagine that this line of vary- 
iof tnaafonBation woatd be at Ibe aaeriflce of Rome of the 
pDtmtial eoircy rendeat in alaain. 

Baboar *' baa ibown that 28.6 per cent, of the heat valae of 
pralain ta nenr atUised by the cella to give them their required 
tDcrgy. bat It ia lost to the body oa waste heat. This power 
of protcio to yield free heat Rnhner termed the KpeHflc d.vnamie 
•etioD of protein. Fata and starches exert a much smaller 
Ipaeifle dynamic aetion beeaoae there is only slight hfat losa in 
their eonvenion into compounds which arv directly metabol- 
iabU bjr the eella. 

It ii OD aemoDt of thia free heat liberated from the dtflTerant 
flHHWH^. heat which can not enotribule to the m i iwarj 
nedtanica of eel) life, that the beat production aftrr food iogs* 
ttoD is greater than during faslinR. Rubner eonc^ivea the 
■etnal aiierfy raqutreroeBt of the eells to be ever ooootant nndv 
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wide variations in the food supply, and this energy must be 
furnished to the ceils in directly metabolizable compounds. No 
heat is set free when protein moleeules break up into amioo- 
acids," and amino-acids themselves possess the same specific 
dynamic action as protein." Some heat, however, is liberated 
when amino-acids are hydrolized to oxy-acids.'" If one gramme 
of lactic acid containing 3661 calories were directly converted 
into one gramme of dextrose containing 3755 oalories. there 
would be little change in the heat relations. If, however, lactic 
acid was first broken down into formaldehyde and then syn- 
thesized into dextrose before it coiJd be used by the cells, 
energy changes might ensue. However, one gramme of formic 
aldehyde yields 4010 calories." Hence the energy changes in 
this intermediate metabolism would be inconsiderable and would 
not explain the cause of the specific djTiamic action of protein. 

When one considers that protein in its metabolism yields 
28.5 per cent, of ita energy content as free heat, and that, be- 
sides this, the diabetic eliminates 52.5 per cent, of ita ene:^ 
in the form of urinary sugar, it is evident that the physiologic 
heat value of protein to the organism in diabetes is only 19 
per cent, of its usually calculated value. As if to compensate 
for this, the protein metabolism rises threefold to fivefold aft*r 
the administration of phlorhizin to fasting dogs, and Falta " 
has found almost as great a rise in dogs after extirpation of 
the pancreaa. Falta " also states that he does not find a higher 
protein metabolism in human diabetes than normal. Mandel 
and I. however, in a study of an individual in whom there 
was complete intolerance for carbohydrates, found that the 
greatly emaciated patient, when put on a diet containing 7 Om. 
of nitrogen, still lost 14 Gm. of body nitrogen besides, an 
amount which we considered high under the circumatajiees. 

Allard '* reports a case of a greatly emaciated diabetic man 
who during fasting excreted between 13 and 14 Qm. of nitrogen 
in the urine daily. This certainly seems a large amount, con- 
sidering the condition of the patient. 

The total energy requirement of a diabetic is not far dif- 
ferent from that of a norma! man. Thus, E. Voit " calculated 
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that the best production of the diabetic patient experimented 

1 bjr P«ttetikof«r and Voit in 1667 amounted to 1015 calories 

r aqoare metre of surface at compared with 1020 calories for 

inormal iodiridual of Hitnilar site. It seems satonishine; that 

I experiment of Pettenkoffr and Voit should have re- 

1 for more than forty yeara a solitary instance of a 

mplete rvcord of the respiratory metabolism in diabetea, 

Iklagnua-Levy," from experimentx made on diabetics with the 

VZaol^ respiration apparatus, which determines the respiratory 

twehancc of an individual duriuK a brief interval of time, 

I to the conclusion that thn total metabolism may be 

^tly inereaaed in severe diabetes. In phlorhiiin f[\ycG»onn 

ladal and I have shown " little or no change in the total 

t production from the oormaL 

RDbner,** however, finds that the total metabolism of a dag 

t oooataDUy in an envirotunental temperature of 33 degrees 

rim bom 476 calories on normal fasting days to 510 calories 

00 tbs days of phlorhizin glycosuria. Thia 7 per cent inereaae 

^_ m heat prodoction be ascribes to the specific dynamic scti<Hi of 

^Btte iacTDaaed protein metabolism. In thia eiperimaot, as in 

^Bjill m^ own, the fat metabolism remained almost unchanged 

^^Hmn the oonnal, wbereaa the protetu metabolism rose to eom- 

^^Bnsats for the loaa of calories eliminated in the urinary sugar. 

^^K Sharply discordant with these results are those of Falta. 

^^'Orofc, and Staehelin ** on depaocreatixed dogs. In one dog 

these Buthon noticed s riae in heat produetioo after extirpatioo 

of the psncrvsB to from 33 to M per cenL of the normal amount. 

Bat the dog hsd a small abscess and his temperature ran be- 

tweeo 39.4 and 40 degrees after the operation as eontrssted srith 

a Darnal of 38.3 degrees before the operation. In a second 

dog. shoe— BB wen slso found on autopsy, and during oiw day 

i^sn the body temperature ran from 38.8 to 39.9 degrees there 

wM an inenssed beat production of 88 per cent abore the 

BOfmal, and then during a single three-hour morning period, 

when the body temperature «rss low (38.7 to 38,5 degrma), the 

total metabolism was only 42 per cent above the normal. This 

t shows the trsmendoos infltHOoe of a fall in body 
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temperature on metabolism, but it does not show that the moi 
ing metabolism of a diabetic dog which had had a temperature 
of 39.9 the night before is to be considered an uncomplicated 
criterion of metabolism la diabetes. There might have been an 
overheating of the cells where metabolism was progressing, even 
though this was not determinable by the clinical thermomet«r — 
an explanation offered by Rtibner to explain the rise in metab- 
olism of a fat man in warm air when there was no observable 
change in his body temperature. From the knowledge at hand 
the foundations of a diet for a diabetic should, therefore, be one 
containing about the normal quantity of calories or 35 calories 
per kilogramme of body weight. 

Bosenfeld '" has pointed out that there is a distinct antag- 
onism between glycogen and fat deposit in the liver. In fasting 
the quantity of fat in the liver may increase and the fat in the 
blood also increases. The body fat is transported from its nor- 
mal repositories in order to feed the tissues, lu pancreas dia- 
betes and in phlorhizln glycosuria this condition is intensified 
80 that 40 and even 50 per cent, of the liver solids may consist 
of fat. Klemperer and Umber" have recently reported that 
of nine persons with diabetes with acidosis seven had lipeemia. 
Ewing," citing his own work and that of othera, finds that the 
livers of diabetics when they come to autopsy are not fatty 
in character. This may. perhaps, be explained by the fact tliat 
in human diabetics there is rarely a complete loss of power to 
bum carbohydrate. I have the record of a patient who, revived 
from coma on administration of bicarbonate of soda, was able 
to bum ingested carbohydrate in small amount three weeks latCJ^ 
without the appearance of any sugar in the urine. 

The pre-eminence of fat metabolism in the diabetic i 
mainstay of his organism leads to inquiry as to the origin of ti 
fatty acid called betn-oxybut.vric acid, and aceto-acetic acid s 
acetone which are directly derived from it. Whence do ttu 
acetone bodies arise! They were at first supposed to cort 
from dextrose, following a chemical process anali^ous to the 
butyric acid fermentation of carbohydrates, but it was soon 
diaoovered that in normal persons the scetooe bodies were e 
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eially found in the fatting state. Many then attributed the 
prewnce of acetone to the specific breakdown of body protein, 
■inee, when protein was given in the food, the acetone bodies 
disappeared in the urine. However, Magnus-Levy ** has re- 
ported a case of a boy in coma who eliminated an average of 
97.5 Om. of beta-oxybutyric acid and aceto-acetic acid daily 
for three days in addition to an unmeasured quantity of acetone 
in the breath, and during this time the protein metabolism 
amounted to 90 Qm., of which latter at least 40 Gm. appeared 
as sugar in the urine. The 97.5 Om. of acetone bodies in this 
case could not have been entirely derived from the 90 Gm. of 
protein, but they must have originated from fat 

Stadelman ^ first pointed out the relationship between the 
formation of betaroxybutyric acid and the occurrence of coma. 
Coma has been compared to the sword of Damocles which 
hangs suspended over every diabetic. It has been discovered 
that whenever the organism is thrown suddenly from a carbo- 
hydrate regimen to a combustion of fat the acetone bodies 
appear in the urine. This condition is greatly intensified in 
diabetes when even the sugar derived from protein is not 
burned. 

Knoop,** through cleverly devised experiments, has shown 
that the oxidation of fatty acids in the body is effected by an 
attack on the fatty molecule at the carbon in the beta-position. 
Thus, the first step in the metabolism of but3rric acid would be 
the oxidation of its beta-carbon atom as follows : 

CH, CH, 

I I 

jSCH, > CHOH 

oCU, CH, 

COOH COOH 

Butyric acid. /9-oxybutyric acid. 

In a similar manner, caproic acid would first be oxidized at its 
beta-carbon atom and then on further oxidation would lose two 
atoms of carbon and be converted into butyric acid, which, in 



HARVEY SOCIETY 



turn, becomes beta-oxybutyric acid. These reactions 
written as follows: 



u 

I 

GH,+0 

CH, > 

COOH 
Caprotc acid. 



CH, 

u 

CHOH+60 

u 

COOH — 




Such, indeed, is believed to be the method o£ successive 
oxidation of all the fatty acids, of palmitic acid C,,H,,0„ of 
oleic acid C„H„Oj, of stearic acid C„H„Oj. It ia evident that 
each successive oxidation carries away two carbon atoms and 
that beta-oiybutyric acid can be produced only from fatty acida 
having an even number of carbon atoms. Valerianic acid, for 
example, with five atoms of carbon, can not yield beta-oxybuty- 
ric acid. The organism has an apparent preference for fats 
with an even number of carbon atoms, and each of these fatty 
acids on their way in metabolism yields a molecule of beta- 
ox y butyric acid. 

Each molecule of butyric acid can yield one of beta-oxy- 
butyric acid. It has been calculated by Magnus-Levy •• that 
100 Qm. of neutral fat made of stearin, palmitin, and oUin 
may yield 36.2 Gm. of beta-oxybutyric acid. It is. therefore, 
evident that the higher fatty acids are the more valuable nutri- 
ment. Butter, with its high content of butyric acid, largely 
increases the output of the acetone bodies in diabetes. Fifty 
to 100 Qm. of butter fat when administered to a diabetic m«y 
raise his acetone output four to eightfold." Oleomat^arine ia 
to be preferred. 

Joslin " has shown that oleic acid jnelda acetone more 
mdily in diabetes than do palmitic and stearic acids. 

The story of the formation of beta-oxybutyric acid does not 
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end with the metabolism of fat, for many of the amino-aeida 
of protein 3rield this acid in metabolism. From the experi- 
ments of Embden, Salomon and Schmidt,** Baer and Blom,^* it 
has been discovered that leucin may yield betaroxybutyric acid, 
whereas amino-butyric and normal amino-caproic acids do not. 
Priedrich Miiller, in his Herter lectures two years ago, men- 
tioned the fact that he had administered amino-yalerianic acid 
to a diabetic patient, with resulting increase in the beta- 
oxybutyric acid excretion. 

These statements are all conformant with the idea of a beta, 
oxidation of fatty molecules. Thus, when alpha-amino-valeri- 
anic acid is ingested, it undergoes hydrolysis in the intes- 
tinal wall and loses ammonia. Its further oxidation results in 
the production of butyric acid, which is now oxidized at the 
beta-carbon. The reaction is as follows: 

CHy CH| CH| 

CHy CHy CHy 

CH, + H,0 CH,+20 CH, 

CHNH, CHOH COOH 

COOH > COOH > cbV+H^O 

o-aminovalerianic acid. Butyric acid. 

In a similar manner amino-but3rric acid and amino-caproic acid 
would produce, respectively, proprionic and valerianic acids, 
neither of which is convertible into betsroxybutyric. 

CHf CHg Cii| 

CH) CHy CH) 

CHNH, + H,0 CHOH +20 COOH 

COOH COOH H,0+C6i 

Amino-butyric acid. a-oxybutyric acid. Propionic acid. 

In the case of leucin. iso- valerianic acid would be the inter- 
mediary product, and it has been shown that this fatty acid 
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with its broken chain ie convertible into beta-oxybutyric ecid 
in the organism. 



CH, CH, 

CH, 

OH.NH. + H.O 



CH, CH, CH, CH, 



/?CH 

u 



COOH 
Leucin. 



CH 

in. 

GHOH OOOH 

COOH cbV+H,o 

a-oxyisobutyl I&ovalerianic ^-oxybutyi 



acetic acid. 



acid. 



acid. 



Amino-acids which form sugar on ingestion, such as g1y( 
cotj, alaain, asparttc acid and glutamic acid, do not form bel 
osybutyric acid, but may rather decrease the quantity produci 
especially if the sugar formed can bum. This explains why 
acidosis in fasting is reduced on ingestion of meat. Baer and 
Blum" gave 10 Gm. of alanin to a dog which received aboul 
a gramme of phlorhizin daily. The sugar output was 
from 19.5 to 21,5 Gm, Since we have seen that alanin is eoi 
pletely convertible into dextrose, it follows that much of 
must have been burned in the incompletely phlorhizinized doffi 
Therefore, the acetone excretion decreased and betaroxybutyrie 
acid disappeared. The profound effect of the ingestion of 
glutaric acid in reducing sugar and nitrogen output as well as 
the acetone bodies may find a similar explanation. It ia certain 
that the skilfully planned work of Baer and Blum loses a large 
part of its significance because of the too small and too infre- 
quent dosage with phlorhizin. 

Magnus-Levy" gave 11.7 Gm. of beta-oxy butyric acid to a 
normal dog. This was completely burned. He then gave 11.5 
Om. to a phlorhizinized dog. with the result that there was an 
increased elimination of 7.6 Gm. of beta-oxybutjTie acid and 
acetone. Since some acetone was eliminated in the breatb, 
it is evident that the animal had largely lost the power to bum' 
ingested beta-oxybutyric acid. 
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r Whatever will materially reduce the tneUboliam of fRt in 
tiw body will »%'ii]rDtl}- itiminiah tlie ■ourcc of beU-oxy butyric 
■dd. Sudi a KDlMtaii(.-e ia alcohol. Thuo, Benedikt ood 
TSriik" wen able to redact the acetone excretion, aa well «a 
that of nitrogen and d^xtrunr after admintstcriog alcofaol to a 
(tiabvtie. SliabU," however, iitatea that alcohol may reduce 
the tolcowice of the diabetic for carbohydrate. Unfortunately, 
tlw adminiatration of galactose, of levulose, and of pentoaea ia 
of little value in diabetea. Id severe uia» IcvaloM ia largely 
cvQverted into dextruae or eliminated in the urine. StiiuhU finds 
that iofeation of levolow reduces the diabetic toWonoe for dex- 
tnae. Braacb " llnds that the penttiaea rhomnoae, arabtnoae, 
•od xyloM are not convertible iBto dextmae in the organiam 
of phJorhiziniied doga ; they tend to raiae tJie protein mrtab«d- 
bm. Similar reaulta have been obtained in roan, and in man 
pontnaM alao produce diorrtuea.'* 

Oo the baaia of work on a diabetic and eomatoae boy weiyb* 
fug 32 kg-t Uagnna-Levy '^ makea the following omnputation 
of mataboliaiii. He purpooely anumea a high reqairemeot of 
energy for a lad of this size, or 50 to 55 caloriea per kilogramme, 
which calk for a total of 1600 to ITUO caloriea. The boy burned 
90 Om. of protein and perh^M 200 Qm. of fat: 



I 



I 



n Om. protein = 360 
300 On. fat =t,9O0 



= 2278 



Dadnet M Om. 



oirlmtr 
nrnuy 



rafpu*, 195 ealoriea ) 



CalocMB a\-ailable . 



, t«M 



HffR we pvnwiTe an extnme eiae of diabetic tnetaboUara in 
which half the energy contained in protein ia eseretcd in urin- 
ary nigar and 20 per cent of thst mratoined io fal ia elimioaled 
in the uobumed beta -oxybutyrie acid. 

This, then, is the worvt picture of the perverted metabolbm 
in diabetes flngar can not bum, fat bums only as far as 
bsta-oxybutyrie acid, and aa for protein a part of ila amino- 
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beta-oxT'l^l 



acids are converted into sugar and another part into t 
butyric acid, neither of which can be burned. 

Rosenfcld baa said that Eat can bum only "in the fire of 
carbohydrates." But this ia not true. Mandel and I. iu our 
work on a diabetic with a D:N ratio of 3,65 to 1, who 
had no tolerance for earbohydratea, found a low acidosis as 
measured by a maximum escretion of 2 Gm. of anunonJa, no 
bet a-oxy butyric acid, and a maximum of 0.8 Gm. of acetone 
per day. On the other hand, Von Noorden " and Magnua- 
Levy " report cases in which there was a considerable excretion 
of acetone bodies in the urine when carbohydrates were burned. 
For example, one patient eliminated 4.9 Gm. of beta-oxybutyric 
acid on a day when 40 Gm. of starch were ingested and bumed- 
Thcre are great individual variations. Thus, Staubli *" reports 
concerning a diabetic man whose ordinary mixed diet was 
changed to one of meat and fat, including 50 Gm. of bread, 
the whole containing 3200 calories. After ten days of this diet, 
during which the sugar output remained nearly constant at 
100 Gm,, the bet a-oxy butyric acid fell from 37.5 Gm. daily to 
nothing. In commenting on his results Staubii says; "The im- 
portant factor which causes a more serious condition in the 
metabolism of a diabetic is the quantity in which earl>ohydrat« 
is administered in excess of the tolerance for sugar. Damage 
caused by a continual overworking of the sugar-burning capa- 
city plays a large part in the progress of the disease. The 
considerable withdrawal of carbohydrates from the diet, even 
in cases of severe diabetes with high acidosis, exerts an extra- 
ordinarily beneficial influence. This can be, in part, explained 
by the increased ability to bum sugar on account of the con- 
servation of the body's power in this direction. The improve- 
ment in the capacity for sugar combustion exerts on its side'i 
a beneflcial action on the acidosis." '■ 

The damage done in severe diabetes by flooding the orgBO-4 
ism with earbohydrntys is illualratod by a diabetic individual 
who had kept on a ri'ntricted diet at my »d%'ice, but on the 
recommendation of a consultant was given a large quantity of 
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aarbabydnOe ; tliu resulted : 
bul. 

The great indiridual variations as regards the pmoDcc of 
the awUme bodies seem to warrant the opinion which I tx- 
io a diKDHioa od acidosis at WashinKton two years ago, 
that one nay assame the eiistcnce of a specific Ix-ta-oiybutyric 
add ferment aaaloitotu to the femwDt which breaks down ths 
mgar. Soch a ferment would split beta-oxybiityric acid, 
theraby performing one of the last offices of cleara^ of the 
Catty noleeolea. Injury to this ferment may bp complete ur 
partial even as to the caae of the sugar ferment, but damage 
to one does not neeewarily invoWe proportionate ilamsge to the 
<rtber. 

The ritmination of lieta-ozybutyric acid from the system is 
furthered by tbe administration of alkalies. Stitnbli ** reports 
a diabetic who eliminated 34 Gm. of bctA-oxybutyric acid daily 
when tbe diet contunrd 60 Om. of sodium bicarbonate. This 
ncrvtion fell to 17 Om. on a diet which was free from alkali, 
and then n»e to 45.2 Om. on return Vt 60 Gm. of bicarbonate. 
Bach treatment with alkali is highly beneficial, for, as Magnos- 
Ltvy obMTTea, the diabrtJc dora not die in coma because of the 
imtrmliaed add whidi is eliminate in the urine, but rather 
m aeoouot of that which is retained in the body which neutral- 
iaea the alkalis of tissue and of body fluids. 

Bedard, Pembry and Spriggs *■ find that the blood of the 
diabetie in eoota rtill has consideral>le power to hold carbon 
dkudde in iplte of tha addoida. They explain that the redne- 
tioQ of narboa dioxide in the Uood is doe to the extra vsntita- 
tioo bfouilit m by dyvpnoa, and that tbe Ajrtpaa^ ia the resoU 
of aeldi rendering tbe ropiratory centre sapeeiaUy MndUvt 
to earbon dioxide and other stinalating nbatasMa. 

1 hare porpoaely traeed the doctrine of diabetie metabolism 
thnmgb its must acote manifestatiooa. There are. bowtrer, 
eovntleai varistkms from the extreme condittooi. The hope 
for tbe diabetic Iks m dieting. His oarbohrdrsl<i tolerance 
nnst be determtoed. ilsndel and I ** have n>commeoded that 
patlant ba put on a strict eartobydrate-free diet and the 
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D : N ratio of the second day of the diet be determined, 
the ratio be 3.65 to 1 it is the "fatal ratio" and represents t 
complete intolerance for carbohydrfttes, A lower ratio repre- 
sents liope for the patient. Following this method we found 
the "fatal ratio" in one patient who died a month later. In 
another cane of a young man revived from coma and placed 
on a meat and fat diet the D : N ratio fell steadily from 2.8 
to 1 on the second day until the tenth day, when it was 0.34 
to 1, and after three weeks the urine was free from sugar even 
after the ingestion of small quantities of carbohydrates. Two 
years later the ratio was 2.8 to 1 after a week of strict meat and 
fat diet, which indicated a less favorable outlook, although the 
patient maintained his weight and went about his usual occu- 
pation. A year later he died in coma. 

A splendid piece of metabolism work on a diabetic man \ 
published a year ago by AUard" from Minkowski's clinic I 
Greifswald. I have taken the liberty to rearrange the figun 
The experiment was accomplished on a man weighing betwec 
51 and 52 kg., who entered the hospital in a state of exti 
emaciation. During residence in the hospital his weight im- 
proved. He was given various diets and allowed to fast, and 



account was kept 


of the nitrogen, dextrose, ammoi 


ia, 


beta- 


oxybutyric acid, and acetone eliminated in the iir 


ne. 


Thg 


results may thus be tabulated : 




1 




EXPUUMKNT BY Al-UkaiJ 






Fkoh Hinsowbxi'b Clixic at GnBirswALD 






DaU. D>M. 


.. 4 S130 32.9 lOfi.S 3.23 S.3 17.34 
4 UBS I4X) 30.0 3.M 8.1 2.M 
24 3070 27.0 9fi.fi 3.47 4,0 2.8B 
31 4730 19.2 71.8 I7fi SO IS 14 


ii 


1:?? 

4.M 


i^Siir 


3 28lfi 0.6 23.Q S.fiT 1.7 3.34 

I ?J| ■!:; S !-| 5;l i| 


i 


IS 

12.48 


Apr: 11— !00aS.bu".r 


24 41W6 is^o 4o:i i.Da t.o lem 


fi;87 


2?:?i 



This experiment shows the beneficial action of a fasting da>- 
on the acidosis of a diabetic. Thus, on February 22, when the 
patient ingested meat and fat, the total acetone bodies amount«d 
to 23 Qm. in twenty-totir hours, and on February 23, daring 
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tlMy (ftll U) 4A Qm. The funmonia wm also givBtly 
Tbe D: N ratio fell from 3.25 to 2.U. On Fnbniary 
S4, 300 On. of nutmat- (a Bodium compuuml uf cAwiiie) were 
gino. witliout raising the aridoitui nboTP the ftutiBg amount, 
bat the D : N ratio hecnme :).4T. On Man-h 20, on & meat-fat 
di«t, tbfi acidoais wa» SKain hiith and thn D; N ratio u'lu 3.75. 
The neit day of fasting the acetone bodies fell vtrry larply 
■Bd llw D : N ratio remained at 3.67. Thene repremnt the 
tauuBura ralion in diabetes aa I undcrBtand them. On March 
SI. 200 On>. of batter were given, cauaing a vine in the acidoaia 
in the ratio to 6.48. Whether this high ratio ia 
dne to nitroftrn retention or to the etrnvemion of glyrerin into 
deztroae can not be determined. Id the light of other evidence 
it ia not probable that any of the fatty acida ingested were 
eonvertiN) iolo dextrose. A ranting ilay on April 7 ahowed a 
low aeidaaaa and a D: N ratio of 1.21. An iraprorement in the 
power to btUD dextnwe bad. therefore, taken pUce. although 
il appeani remarkable that thia waa not areompanied by a d»- 
ureaaed elimioation of nitrogen and aiwtone bodiea, aa coo- 
traited with the anoanta excreted on former faattng days when 
the D : N ratio waa higher. On April 1 1 the improvement in the 
ratio waa largely nnllifliKl by the ingmtion of 200 Om. of butter. 
TkatxemtioD of aoetone bodiea nee from 9 to 22 Om. and th« 
;N ratio raae to S.O0. Apparently a high addoma lomra 
Ota tolenuoe for cArixAydrat*. jnat aa a large ingeatura of 
MriMbydratM lowen the toleranee for beta^xybatyrie arid. 
This ezperiinent doaa not juxtify tbe aaaumption of Mandcl and 
myadf, that the "fatal ratio" onee etrtabltihed (anil eontinue 
tbrooiJKHit life. I have presented thia table to indicate to 
yon a htgfa type of modern cllnieal woiii. 

There is no ourr for diabetes. Only dieting relievea the 
aafferer. Of tbe reaulu of dieting. Dr. Falta, speaking with the 
aulfaorily of Von Noordeo 's great clinic, and of hia own good 
work, will addreaa lu at tbe next Rarrey Society Leetonr. 

Admintitration of pitreeta of the p«nereas and the fariMDla 
of yaast are without elTert. Falta" has injeetad mboatane- 
■ oormal dog's aemm into a dog with panenM diabetw 
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without changing the D : N ratio, and again he has introduced 
the lymph of a nonnai dog, drop by drop, into the femoral 
vein of a diabetic dog without result. 

PhysiciaiiB call on the laboratories for a cure, but there is 
DO cure. AH that the laboratories can fuTDish are indices 
whereby relief may be rendered. It is easy enough to give the 
results of the gross activities of many million miUiona of cells 
in terms of so many grammes of sugar or of nitrogen or of beta- 
oxybutjTic aeid, but it is not easy to gain access to a mystery 
which is at present the hidden secret of microscopic particlea. 
But we must not despair. The great physiologist, Johannes 
Miiller, stated that no man would ever measure the rapidity 
of the nerve impulse, and ten yeaffi later his pupil, Helmholtz, 
measured it. It is to the iucreasing number of young men 
who are attracted by the scientific or intellectual side of medi- 
cine that the world hopefully turns for relief from the miseries 
of it£ diseases. _ 
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; THERAPY OF DIABETES MELLITUS* 



W. PALTA.M.D. 

UnimciU; of Vicniu, Vietma, Aiutria 

f N tbe lecture which I had th« honor to deliver a f«w wedu 
D before the New York Academy of Medicine, 1 esplauud 

L bunan diabetm tnelliliu vriu a diaeuHe of highly oompU- 
1 oatore. I then took the stand that we should not seek in 

I paaereaa the «nle cause of the disease, but r»tbi:ir that a 
iMe ia alao played therein by other organs which elaborata 
tBtaroal Mcretioiia, and especially by the ncrvoiu syxti^'in. In 
mat gaoeral terms I drtiniHl tlie diabetic disturbance of mntab- 
■Un H A lack of equilibrium between carbohydrate mobiliza- 
tioa and nriwhydnte oombuatioD, ariatog from inauffiricncy of 
tht pm aw a or from ororactiWty of the chromaffin KyHtem, or 
fram both eaoiM tflgetber. Aput from the rare caaea in which 
gnre pancmtin d taawe haa b««ti fuund. we are at present 
ifDanat of the alUDAfa) euua of thia diatorbanoo of metabol- 
fan, and aecordingly a caoaal therapy, the ideal therapy in every 
diniM. la to-day ont of the question. Symptomatle. therapy 
Meha, in the flnt inatanee, lo combat tbe moat prominent aymp. 
lOB, the excretion of augsr and its reaalts. 

ThMnliealty two poMibilitin exist : 

]. To inereaae the effldeney of earbohydnUe metaboliom. 
OoMiiTably thfa night be aeeompltabcd by increaajng the in- 
ternal aeeretloD of the pancreaa by tbe implantation of a new 
intil now a piooa hope — or by the ttae of pancreatie 
Recently ZuHier haa reported «ieh esperimenta, 
bat to-day Ihey do not p nii praetieal ralue. Further, it may 
b* axpeetsd thai a diminution of the exMwive carltohydrata 
■eUlintiaii Aouhl iDcrauv tbe ntiliiation of suKar. This 
■i^ b* Mcomptiahed by ehadiiDit ths aamaa qwtcn. TY» 

• MNf^ KofwdNT K, uns. 
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success which occasionally accompanies the use of 

may come about in this way. Unhappily such successes haTt 

been slight. 

2. To diminish the amount of carbohydrate metabolism, 
thereby giving the diseased organ or organs the opportunitj' 
of recovering. This may be brought about by diminishing the 
amount of the food, especially of the most effective sugar- 
formers. This is the theoretical foundation of the dietetic 
therapy of diabetes mellitus, which has thus far been regarded 
as the sovereign means of treatment. 

Before turning to the therapeutic measures which aim to 
improve the carbohydrate metabolism, I wish to consider a small 
group of cases which manifest a marked disease of the pan- 
creas, for these often require a special therapy. When in such 
cases pancreatic disease has proceeded so far that there is no 
longer an adequate secretion of pancreatic juice into the intes- 
tine ; or wheji, the more common event, lithiasis causes complete 
obstruction of the pancreatic duct, characteristic disturbances 
of absorption arise. These concern chieHy protein and fat. 
The very voluminous stools contain great quantities of neutral 
fat; microscopically the picture is mainly muscle-fibres and fat 
droplete. In extreme cases the fat may flow out of the anus 
in an oily mass and stiffen into a butter-like paste. Salomon 
haa pointed out that, in doubtful cases, by feeding lai^e q\ianti- 
ties of butter, such stools may be caused and the diagnosis 
established. 

These patients are in a grave condition ; protein and fat 
very imperfectly absorbed, while the carbohydrates are 
creted, unutilized in the urine, as grape sugar. Therefore" 
the patients are starving and they actually live on their own 
tissnes and rapidly lose flesh. In sucli cases therapy is of great 
avail in replacing the pancreatic secretion. Von Noorden first 
used the raw pancreas of the ox. but this preparation quickly 
becomes obnoxious, and accordingly pancreatic extract has been 
substituted for it. Since the acid gastric juice diminishes the 
activity of pancreas preparations, tablets hardened with tannin 
fasve been employed, in the expectatioa that they would not )>« 
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disinUgratei] bfforc rcaehitig th« intestine. This preparation, 
uoder the name of pajicreoo, is, however, not always active. 
Aooording to onr experience, the most successfiil preparation 
ia tba pancreatin of the Rhenania factory, in doses of 10 Qm. 
daHj. At the same time, however, the diminished idkuliuity of 

I tba iDteatine muat be repaired. Aeonrding t« Von Noorden, this 
iBjr bMt be accompliihed by the uae of calcium carbonate, which 
ia len readily absorbed from the stomach than sodium bicar- 
bonate- Further, it may be mentioned that emulsified fat 
(milk-fat or egrg -yolk) ia mach better utilized than fat in other 
forma. With the help of this therapy in such caaea the body* 
Wright may often be readily increased, and for yean together 
ttdermble cooditiona for the life of the patient may be 
Htabllahed. 

I torn now to the disturbances of the carbohydrate metabol- 
m. The chief end of dietetic therapy is here the depression 

bof ^yeoniria. Of course, we must not attend to this factor 
ne; complicated acute infectious di»paat<s may often cause a 

Fverj large increase Id the formation of the ketone bodies; 
forUur, chronic infectious diseaaea, aa, for instance, tubercu- 
Idiia, may oftvn, if not always, prevent a strict dietetic treat- 
nont. In lifht c«ses of taberealosts, however, an improvement 
in the taberculous process is often to be observed with the 
diaappvaraoee of sugar from the nrine. Indisposition of the 
■■■tro-intestinal tract, often the reault of a loi^t-coDtinued 
prolcin-fBt regime, sometimes occupies a prominent position. 
However, the oecurrence of acidoais may prohibit a decrease 
fat the carbohydrate of the diet. This matter will be discussed 



I wish now to present a qoaition of fand«n«atal importance. 
On what grounds do we seek to bring about a disappearance 
of glycosuria f Obviously by the excretion of sugar the food 
IflMs just so much of its value. For instance, in in extrema 
eaaa. 500 Qm. of sugar may be excreted in twenty-four boun; 
If tlib patient reoeivea an ordinary diet, which yields 2500 
ealoriss daily, be ia loaiog through the excrrtion of sngar in tha 
BiiM JtOOO of tfacM oak>ri«; aooordiiigly the paticat ia tivtiif 
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on hia own body and rapidly loses flesh. Such 
tretne glycoaiiria are, of course, exceptional. In c 
100 Gm. of dextrose are daily excreted, the loss of energy is 
only 400 calories, and these may readily be replaced by the 
equivalent quantity of fat, for instance, by 50 Gm. of butter. 
Further, the circumstance that the protein-sparing carbohy- 
drates are the substances here involved is not of essential im- 
portance. In my publications numerous instances are cited 
which show that often, in the most severe cases of diabetes with 
enormous excretion of sugar, a comparatively small addition 
of calories may prevent a loss of protein ; and, indeed, that a 
tendency, thus far difficult to explain, to a retention of protein 
exists. The salient point accordingly depends on another 
circumstance, which may be formulated as follows : Glycosuria 
is a result of hyperglycffimia. In this connection there arise 
from the more recent investigations in Von Noorden's clinie 
therapeutic considerations of great importance. Liefman 
Stern have shown that in long-continued cases of diabel 
mellitiiB, even with relatively slight excretion of sugar, vei 
considerable hyperglycfemia may be displayed; and that, af1 
the disappearance of sugar from the urine in such cases, 
may be a very long time before the sugar content of the bli 
has sunk to its normal level. Apparentl.v after long-continm 
hyperglyciemia, the kidneys lose their high degree of sensiti^ 
ness to slight increase in the sugar content of the blood. As 
example, I present the following case recently observed in th«' 
clinic: With a daily sugar excretion of 5 Gm. the blood sugar 
amounted to 0.36 per cent.: on the twenty-third day after the 
disappearance of sugar from the urine it still amounted to 0,11 
per cent,, instead of the normal content of 0.085 per cent. 
We are accustomed to refer many, indeed most, of the 
ondary phenomena in diabetes to hypei^lyciemia : the lanci- 
nating pains, furunculosis, pruritis. the falling out of the teeth, 
the failure of hearing, the premature cataract, the impotence, the 
vulnerability of the tissues, and the early arteriosclerosis with 
gangrene. But the significance of hypergiycB'mia is far greater 
tbjw this, in that long-continued hyperglyciemia increases tbe 
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laoe of metaboUmi, thereby ogtabUsfaing a vicious cirolel 
i Moordiugly wby all Utese re«ulu of hypergly- 
, aod one aq>ecuUy, Damely, gao^rcne, are to be tonad 
1 ■pputdUj' very mild caara of diabctex. Th««e individ* 
■ may excrete a few ^ranuuea of augar daily, bat they may 
lare bad diabetes and accordingly hypcrglycirmiu fur flftees 
Thus we i»en»ive the deairability, even in caaea of the 
wUa of old age, of cut being content when thu i-xcrctioa of 
■ baa bMn reduced to a few granunet, but of insistiiig 
I complete diaappearance of sugar. Tlie understanding of 
charadAristiei of tolerance is to be found in theae 
Thua we often perceive that even severe coaes in 
Ji, which may only with difficulty yield sugar-free urinea, 
I for a remarkably long time no tolerance for carbo- 
hydrala; indeed, we have recently obarrved sucfa a ease in the 
eUnie, whiefa, tune days after the disappearance of sugar fnnn 
Iba nrinc, abowed a sugar content of the blood of 0.21 per cent. 
So kng, ibemfore, as tbo blood sugar baa not bn-n reduced to 
ill Dormtl level no toli<rance is to be exppct^^. In caaea in 
vUoh the eareful administration of carbohydrate in small 
qumlity producea an immediate excretion of sugar, it is well 
to ramovB carbohydrate! mtinrly from the diet daring sevenl 
nmh In the above- mentioned caae it took two moutha, ttUr 
the nrioe waa sugar-frrw, to catablish a slight tolerance of 
approximately 10 Oni. 

I torn now to the iiueatioo how ^yooaoria is to be OOBibatad. 
Thare is in the literature an axtentiTe ■eeumolattoo of faeta oa 
tlw ioflnenee of variooa foodstoifii on glycosnria. I myself, 
with •trtral eollaborston, have hem occupied with this problem 
dving the past Ave yean. The reaulta of the older aa well aa 
the nan rvoent iarcatigatioiiB indicate that the dbtariNUiM of 
iMtdoUam in diabetea ia of a vny complex natture, and Ibst 
1km ita ivtaoaity ia aubinet In many factors. Each eaae haa 
Ito paenliar ehanwtenstieB and reiiairea a spectal atudy -, aeh*. 
matia twtman t bare would be qulta out of place. Before 
^Karwiaiag oo a plan of treatment therefore, it ia necesaary 
to oMwB an eatiaale vt the cfaanutar and inUnaify of the 
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disease. In order to accomplish this, it is advisable to pl&os* 
every new patient for a period of three days on a test diet of 
known composition. At our clinic the following test diet is 
used : 250 grammes of meat, 150 grammes of butter, 4 eggs, 300 
grammes of vegetables with low carbohydrate content In ad- 
dition, tea, bouillon, coffee, about 4 decilitres of light white 
wine and 75 grammes of white bread, divided through the day in 
three equal portions are given. This diet contains approxi- 
mately 16 grammes nitrogen, 50 grammes carbohydrate and 
about 2400 calories. Cases with severe acidosis and with sigm-m 
of beginning coma are, of course, excepted; for these 1 
carbohydrate content of this diet would be too low and tht 
fore dangerous. 

The sugar excretion on this diet can vary considerably, 
have noted here some of the types: 

Flnl Becoad Third 
•itj dftr Oaj 

Case 1— 

Dextrose, grammes 30 10 5 

Acetone 

Case 2 — Dextrose, gnunmw — 

Titration 90 80 40 

Polariscope 85 DO 25 

Acetone -J- -H" ++4- 

Caae 3— 
Dextrose, grammes 20 40 60 

Case 4 — Dextrose, grammee — 

Titration 70 70 70 

Polariscope 45 45 45 

Acetone +++ +++ +++ 

Nitmgea average ^15 grammes. 

In Cases 1 and 2 we may assume that the patients hftdl 
previously taken more carbohydrate than is contained in tibsJ 
teat diet. Case 1 is a very mild one ; the patient, in all probl 
bility, will become sugar-free on further treatment. Patient I 
probably has been previously on a strict diet. Patient 4 had 
probably been before on a diet similar to the test diet. In thl 
manner we gain an approximate idea of the dietetic habits c 
the patient previous to beginning treatment, irrespective i 
the patient's own account, Purtbermore, by means of this t 
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diet wc CMD ofauin a i\\iiek diagocNUs of the degree of kotoaum 
(aL-eUKiuria). 

I take thia opportunity to point oat that in aevere caaea, 
with large amuunta of Iwla-oxybutyric aidd in the urine, polar- 
ixatioD ifl (|iute iuadeqoate in Uie quantitative determination 
uf nigar. This ia undoubtedly avlf -pvidcnt ) nevertbeleu, it ia 
often uTerloukod in praiitice, aa well as in laboratoriea and 
phanuaciflB. I'lilarizalion befure and after fermuntation haa 
tbv drawback that we muit await the completion of the fermen- 
tation. FcbliaB'8 method requires oonaidersble practice. It is 
practiraJ, thcn-forp, to employ a modification of Fehling'B 
method, iti which the unreduced copper ia titrated back by 
meana of potoaaium iodide and sodium thiosulpbate, in acid 
•olDtion. The catimatioo by this method can be performed in 
ten minalefl. It is not infrequent in serere cues, espeeially 
under atrict diet, to observe differences of 30, 40, yes, oocaa- 
iooally even 50 gnmioM betveen the figures obtained by tiUm- 
tiuD and by polarisatioo. Thia difference is also a meaanre of 
llw amount of ozybulyrie setd excretion, a better one than is 
obtained by the determination of the amount of ammonia, snee 
the latter ia influenced by the sodium therapy and is dependent 
on the degree of protein metabolism. 

Prom the difference between the titration and polarixotioo 
and from the intensity of the aeetone test and ferrio-cfaloride 
reoctiao, we may obtain during the three days' lest diet an idea 
of the diCTM of kebmurio. Thus we see in Caae 1 that the 
almost sugar-free without the appearaooe of 
This is a Tvry mild cose. In Caae 2 the sugar 
loUa off rapidly, Uw, but the ketonuria rapidly increases and 
wiraa na to be careful. Cose 4 is stamped from the beginning 
■■ a ssrere ooe by the character of gtycoauria and ketonorio. 

In judging a cose further, the intenaity of the glyoosaria 
ia of great Importanoe. We eooaider, tn tbk reapeot, chiefly the 
third dor ot teat diet, oa it may be ammed that by this timt a 
oonditioo appmoching eqailibriam hoa bseone estaUiahsd. A 
sun opinion of the inlsnsity of the glyeosniia can be obtainod 
only wlwo w« know, not akerdy tht carbohydrate oootoit of tiU 
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food, but also it^ other constituents, since the sugar may 
derived from various sources. In Cases 1 and 2 the sugar eK* 
cretion is leas on the third day than the carbohydrate inl 
In Case 3 intake and output are about equal; in Case 4 
augar excretion is some 20 grammes higher than the carbo- 
hydrate intake. 

Next in importance as a source of sugar is the oxidized 
protein. Furthermore, there are, indeed, eases in which 
sugar excretion is so great that even the protein destroyed di 
not suffice for an explanation. In these cases we have no alter-' 
native for the present but to assume the formation of sugar out 
of fat. We observe occasionally, also, that a very large fat 
intake will increase the sugar excretion. However, these caaea 
are relatively rare. In the great majority of all diabetics, the 
sugar excretion is determined by the carbohydrate and protein 
content of the food. 

In the fourth case, mentioned above, the sugar excretion 
exceeds the carbohydrate intake by 20 grammes. We liave 
here a so-called negative carbohydrate balance of 20. This 
terminology is, however, inexact, because it overlooks the pro- 
tein metabolism. The figure 20 has an entirely different mean- 
ing according as 10 or .30 grammes of nitrogen are simultane- 
ously excreted in the urine. 

One obtains, therefore, a better conception of the conditi< 
through the ratio D : N. In Case 4 this factor eqaals: 



ter-^B 



70—50 

= 1.33. 

15 



One must not, however, assume that in this case only 20 
grammes of sugar are derived from the protein metabolism. 
On the contrary, it is much more probable that, in severe c 
the protein and carbohydrate are implicated according to t 
sugar value in the formation of urinary sugar. If we a 
the sugar value of albumin to he 80 per ceut,. then for every 
gramme of nitrogen in the urine there are 5 grammes of dex- 
trose. The augar value of the metabolized material accordiDgly 
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•iDoiintB to the carbabydrate intake plua 6v? times the orinaiy 
nitrugeti, and tbt co«IBci«nt of excnrticm ui: 




csrbohydrato + 6 N. 
laM 4 thia coefBcient amounta to: 



70X100 



7OO0 



56 



W+(&m2£,) 125 1 
t ia, 48 per oeat. of the suRar value of the food ww 
52 per eent. waa animilat«d. If the excirtioo 
ea over 100, and in ooDaequencc the ratio D : N 
riMi onwr 1 to &, then this indicates, in my opinion, aogar for- 
■Mtioa from fat. 

SiwK w« know the exact eompottition of oar teat diet, we can 
ealealale the intpoaity of the sugar excretion aooordinij to thia 
fonnala with ae'nira4>y. Sin'-e nitro^n retcntioo freqoeotly 
oecnn in diabetea, it ii dcairabic to detxmiine the nitrogvo oon- 
tmt of thr urine of thi> third day. By onr t«A diM. we have, 
then, drterminod the intenxity of thi! (clyt^oatiria and ketonuria. 
If, in addition, th# a^e, occupation, aurroundinga, the duration 
of tba diabetaa and paaiiU« eomplicationa ar« oomidend, we 
n^ ■rriw in the apaee of three days, with comparativdT' nmpla 
neaaa, at a fairly dear idea of the iDteuaity of the itiwair. 
which is of ipvat adTantaffe in fortninf a plan of treatment. 
A definite opinion, however, ran be reaebed, it ia true, only in 
the eourae uf further treatment. It ki dependent oo the an- 
vwen to the following queationa: Can the patient be made 
■Dfar-freel Can a auifar tolerance be eatabliibedl What ii 
the coarae of tfae kelonuriaf 

Wa alar, than, into the aMOod phaae of tbe treatment; we 
■ttmpt to render the patient aocar-frce. In the mild caaea it 
nanally anfllcet In rtrike out the bread from nor teat diet Tbna 
it fa to \» expected, in Cbm* 1 and 3. that the nrine will be 
■Ufar-free after ■ few day*. In the eewrer eaiaa it ia 
ttry, in addition to tfae withdnwml of earboliTdratai^ to 
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the protein intake. This is readily to be understood in vi 
of what I have said before. The sugar value of our test c 
amounts to 15 X 5 + 50 = 125. Let us assume that the pa- 
tient's sugar tolerance in Cases 1 and 3 is at 90; after the 
withdrawal of carbohydrates from our test diet we obtain a 
sugar value of 75, which is below the limit of the present toler- 
ance — the glycosuria ceases. In Case 2 let us assume the limit 
uf tolerance to be 50. We reach a level below the limit of toler- 
ance then only if, in addition to the withdrawal of carbobydrateif I 
WG diminish the protein content of the food by at least I 
grammes of nitrogen. This method is of considerable advan-J 
tage also ia the severe cases. In Case 4 there are, during t 
time of the test diet, 70 grammes of dextrose in the urine. Wej 
now withdraw the carbohydrates and find, after two or throafl 
days, 36 grammes. We could thus assume that the ability torfl 
a^imilatu the carbohydrate had diminished. However, if wbI 
take into account the sugar value of the protein, we obtain, 
in the first period, a total sugar value of 125 in the diet and a 
coefficient of 56 ; in the second period, a total sugar value of 75 
in the diet and a coefficient of 43. Thus there h»is been Httl* I 
change. It is ti-ue that such conditions are found only in verjl 
severe cases. In the great majority of all eases, the powM^I 
of utilization rises rapidly with the diminution of the totals 
dietary sugar value, for less sugar passes through the body i 
twenty-four hours, the glycaemia decreuseB and recovery begina.1 
The consideration of the total sugar value, therefore, aJwa^l 
gives us a much clearer conception of the conditions than thai 
carbohydrate content of the food alone. The same is true of] 
the carbohydrate tolerance. I propose, therefore, that th«4 
tolerance be also expressed in terms of the total sugar ralofll 
of the diet. 

In practice we proceed as follows : If the withdrawal of 1 
carbohydrate alone does not suffice, we decrease the nitrogen 
content of the food to about S grammes and increase the 
amount of butti-r to about 200 grammes. The patient should 
not lo!4e weight during tlie process of making his urine sugar- 
free. The sugar value of this food would amount to only about 
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50. If this niao proves iiuufllcieDt, it i« advisable to iotroduce 
one or two da.vi of vegetable diet; or, aooordins to Nausyn, 
ooB day of faatii]|[; or elae oae triea au oatmeal cure, to be 
iliiii iiwifirl later 

At this atage of the treatm«Dt a very cloae watch oo the 
ketoniiria ta DeceoBary. The formation of the ketone bodiea 
depcDdi, aa you know, on the lack of combimtioD of carbohy- 
drates. Ketonuria may be produced even in the normal person 
by tiieana of inanition or by an excluaive prutein and fat diet 
Tbo fact that much hif(her irradeii of ketonuria appear in dia> 
belM ia eaaily ondentood, aince here there ia also a failure to 
-"■iT^t the sugar ariaing from the kataboliam of proteina. 
Von Noorden baa pointed out that diabetics may show very dif- 
famt degnea of ketonuria; although thtiy are on the same 
diet, tlwjr maiy diminate the same amount of sugar in the urine 
and aodinflate, therefore, the same amounU of carbohydralaa. 
Ws have often obserrcd this phenomenon in patients taking our 
test diet. We can saKUne with a fair degree of certainty that 
those with a higher degree of ketonuria have had it for a longer 
tine thao those with a small amount of ketonuria. I am led 
to this oooclosion by the fact that it is neceanry to give more 
earinbydntes to suppress a ketonuria already extatiog than 
to ptvTcot the occurrence of ketonuria (Satta). We ought, 
thorafotv, to tiy either to prevent the oceurraoce of keton- 
oria or to avoid an increase of one that is already present 
Uafortiuiat«>ly this is not paaible in most cases, if we wish to 
render the patient aogar-free. If oo the test diet there is a 
marked ketonuria, and in particular a large amount of beta- 
asybolyrie acid in the urine, it a beat to reduce the carbo- 
hjdrates very gradually. Tbtt appearance of a couaiderable 
dagras of ketonuria, howsver, need not eansa anxiety, provided 
that fne prwenta acidons; that ia to say, the storing up of 
hstoosa in the body. Addosia, ooee preseot, ia oftaa hard to 
get rid of and ia dangeroua under all eirenmitanees. The 
faodsfflental point in the treatnent, therafore, !s to hinder 
(ha oeeuJTeoce nt aeidnaiB. Thia ia a«xiiB[diabed by the ad- 
i of alkalisB, lAkb raodar Ow hattna bodies eapaUa 
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of excretion in the urine. We should, therefore, 
give sodium bicarbonate during the period of withdrawal of 
carbohydratea. In eases with a well-marked ketonuria one 
often sees that, with the beginning of the alkaline treatment, 
the difFerenoe between the figures for sugar obtained by titra»J 
tiou and by polarization rises immediately and remains 
creased for several days; a sign that beta-oxybutyric acid 
being flushed out of the body. The reaction of the nrii 
affords an excellent sign as to whether you have got the bel 
of the acidosis. If it becomes alkaline, you may be sore tl 
you have neutralized the aeida. In severe cases, 40 or 
grammes of the alkali or more are necessary, and in dial 
coma more than 100 grammes are often insufficient. It 
marked ketonuria is present, it is bettor not to begin wil 
small doses, but to saturate the body with alkali at once. 
soon as the urine has become alkaline, the dose may be 
ually decreased, just sufficient being given to keep the 
slightly alkaline. We usually replace a part of the sodii 
bicarbonate with the citrate of soda. 

In cases with a high degree of acidosis, the administration 
of alkalies alone is not enough; we must endeavor to influence 
the formation of ketone bodies directly. Large doses of alcohol 
decrease the formation of ketones, but only to a alight degree. 
All other n on -carbohydrate substances are either without effect 
or their action is dubious. The only efficacious substances are 
the carbohydrates. If, however, we give large amounts of 
these, we increase the hyporglyciemia and run the danger of 
damaging the power to oxidize carbohydrates, which is already 
defective. On the other hand, a reduction in the carbohydrate! 
may cause a fatal coma -. here we are truly between Scylla and 
Oharybdis. In these cases it seems to me very important to 
reduce the food to a low point; for both fat and protein caoae 
the production of large amounts of ketones, as has been shown 
by the excellent investigations of Allard, from Minkowski^ 
clinic. The introduction of a "hunger day" in such cases has 
reduped the ketones in the urine to a third or leas of what they 
were before. If, now, to the fasting patient fat or protein 
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gim, Ibe amoant of oxybatyrio acid rose at once 20 ( 
and more. It at, therefore, b«tit to give a very low diet, con- 
[ tainiag from H to 10 Kraraineft of nitrogen and not more than 
I 150 granunn nf fat and. in addition, 100 nr 150 Krammea 
(• of urbohydratea in the form of fruit, millc, uatmeal, and 
I'lD forth. Aa soon aa one has decreased tJic formation of 
r tlM krtone bodien and ha« provided for their prompt escretioo 
[ by nuana of the adfninistration of alkalies, unc may for a short 
I period alao decrease the amount of earbnh yd rated (by means of 
I two or three "vegetable days," with 50 (irammes of carbo- 
I hydrates), in ord«r to produce at leaat a temporary decreaae 
I of tha b y pwrglyeagota. Similar tendencies an seen also in tfae 
I treaboent of gout and acute nephritia, where we give 
1 organa time for rrcuperation by meana of portn- 
fa«e lad aaa-iiJtrogMiotta diets, respectively. 

Wban, to spit« of careful treatment, the flrat itigna of coma 
•ppair, prompt letion is jmp«>rative. The patient beoonun 
■leepy, loan hi* appetit«, and complains of a sense of npprea- 
iion in the cheat ; (rcqoently there ia a decrease of the eicTetioo 
oi bsta>oxybat}Tie oeid. and showers of easts appear in th« 
arias. Bneh patients show almost oorastaotly a marked degree 
of llpwuli. evvn when fasting. One eao eaaily show thia by 
emtrifncaliziog a small amount of blood in a 17 -shaped capillary 
tabe ; the serum th^n appears milk>'. Very large doses of alkali 
are neefaaary here, in order to remove the enormoua amounts 
of acid which are contained in the blood and tissues; 100 
granuMS of sodium bicarbonate diMcilved in a large amount 
of an alkaline mineral water are given during the eourae of the 
day. The diet should be «a«ily digMtiblA and ooostat almost 
•xelosively of carbohydrate* ; it mj^ contaJD 60 to 100 grunmea 
of lerukse. If the patient fa no longer able to swaOnw, 
Iba lemloae may he given aulwntjioeenaly, disaolved in a litre 
of phyaiologie salt solultnn. The best mrtbod, however, is 
the intravronus infiwion of a Hire of 4 per eenl. kkU ■olution. 
Hometimea the patient comes out of the eoma even during the 
infnainn. Ijwt apring I saw a pnlirnt who was alive three 
iDoatfas after this procMlun. I do not, however, know of any 
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who 

why- 



instance of recovery from a second attack of well-marked 
under this treatment. 

Let us DOW return to the treatment of those patients who 
have become sugar-free through the withdrawal of carbohy- 
drates, with or without the reduction of the proteins. Thia^i 
is the third stage of the treatment, in which we are to ki 
the patient free from sugar, and then to determine his tolei 
ance and regulate his mode of living. It is advisable to folio* 
Naunyn's suggestion and keep the patient two weeks to the 
diet on which he has become free from sugar. Then, in a mild 
ease, one may begin at once with the addition of bread, which 
may be increased every three or four days until the limit of tol- 
erance is reached. Then you may give half the amount toler- 
ated, introducing variety in the bill of fare by means of fruit, 
cream, vegetables rich in carbohydrates, various kinds of brei 
and 80 on. 

In those severe cases, in which the reduction of the proteing 
is necessary to cause the disappearance of sugar from the urine, 
one should at first increase the nitrogen in the diet up to 12 
or 14 grammes. Afterward, three or four weeks after the disap- 
pearance of sugar, carbohydrates may be added. In practi 
it is very important not to rely too closely on the amount 
carbohydrates in various foods, as shown by the tables 
equivalents. This is true of all forms of diabetes, from thi 
which can not be rendered free from sugar down to the 
mild ones. Different diabetics do not show the same degree 
tolerance for different kinds of carbohydrates; one must try oafcj 
each form of carbohydrate in the individual case. In this con- 
nection, we often see that levulose is borne in many light case«! 
better than glucose; for this reason fruits rich in levuloae aro 
much preferable to those containing grape-sugar. Under loQ^ 
continued use of levulose, however, the tolerance for sugar 
usually sinks rapidly. Furthermore, I have seen cases in which 
there was a special sensitiveness toward levulose. The same is 
true also of milk ; a few diabetics will not tolerate mitk. I have 
recently seen a case in which administration of 250 grammes 
of milk increased the glycosuria markedly and for a period 
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rof dajn. Parthor, it U an iaterestiiig fact brought out by our 
ianrtigatioiis with varioos wrta of sugar that maltoae alwaya 
caom the gmtcst iocrcaae in the glycosuria. This a^reea 
with the fimpirical fart that diabvtim do not tolerate beer well ; 
il ia beat to forbid it. This point, however, ia of Ina iiDportaoco 
in America than in Germany. Of the sutwtitutMi for bread, I 
think the moat important is Lufthrot, a very porotta gluten 
braad, of which a loaf the sizo of two fista weighs only 30 
or 40 grammea. It containR verj' little carbohydrate in pro- 
pOftioc to iU bulk, and ia nut intruded to roplar« broad, but to 
aerro aa a meooa of admin ial^ring cheeae and batter. It ia well 
to be very cautious in the use of the vanotis ntilMtitUtRK for 
bread. Both tbo public und tlii* p)iyKii>ian are often dec«ived 
by the name "diabetic bread," and e^-en by the analyaea which 
arc given on the l«h«'l. T niywif wnnid not order any of them 
nnlcM reliable analysps were at band. Finally, I have to mrn- 
tion the apedal milk for diabetica which is prepared by many 
flmiM, and oipedally prraenvd fniita (-onlMintng tittle sugar. 

Eqweial care ia neceaaary in the treatment of ihoae caaea 
in which tba withdrawal of rarbnhydratca and the rrdurtion of 
the proteisa ia not nifflcient, and the sugar duuppean from the 
uriM only after tht> introduction of "hunger daya" or "oot- 
neal eoreo." In snrh oiaea, even we^-ka after the disappear- 
•oee of glyeoanria, small additions of carbohydratca, or even 
■D iocreaae of the proteins, eaiiao the rcappearanre of sugar 
in the nrine. I have already railed attention In the fact thai 
ban hyperi^ycMmia may remain for a long time after the dia- 
■ppesnnee of attgar from the nrine. I have aeen in recent 
jMn tfane aodl patiento, two of whom were young people of 
16 uid 30 yean, and the third ■ nan of 35, who, when he came 
noder ny care, hid not baao f rw from sugar for a year. In the 
tarn at the 16-j-ear-old boy, even an addition of butter to the 
diet caused the appeanntw of tracea of sugar. The thiw 
patients had at flnt wdl-raorhed ketonuria, and one of than 
•xereted 22 grammaa of beta-oxybulyrie acid. I kept tbcae 
patknta orer three montha on a diet free from carfaohydrataa 
tuA ■MBla i n in g caly a aaall ammint of prot^, ud then addtd 
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half a Luftbrot and later preserved fruits containing little 
sugar. Six months afterwards they were still free from sugar, 
able to do their work, and the ketonuria had disappeared. 
Such rigorous treatment demands great energy on the part of 
both patient and physician. When, however, we consider that 
in such cases with the reappearance of sugar and hyperglyeaemia 
the disease usually takes a rapidly downward path, and, ther^ 
fore, the acquirement and maintenance of a condition free 
from sugar is a question of life and death, the self-denial of 
the patient and the labor of the physician are amply repaid. 

All the measures against glycosuria previously mentioned 
had the common property of reducing the sugar value in the 
diet. From this principle the following carbohydrate cures 
differ widely. The milk and potato cures I can dismiss with 
a few words. The first diminishes the glycosuria only when 
diabetic patients, formerly over-nourished, are insufficiently 
nourished on strict milk diet. Indeed, in many cases, in spite 
of under- nourishment, milk diet can even increase glycosuria. 
The potato cure is considered by nearly all experienced physi- 
cians to be without value. On the other hand, I must go some- 
what more into detail regarding the oatmeal cure, since it is of 
both theoretical and practical value. As you know, this treat- 
ment was first recommended by Von Noorden at the meeting 
of the German scientists in Carlsbad. In an article shortly 
to appear I shall describe fifty cases, of which I have person- 
ally observed eight in my wards; the others Profeaaor von 
Noorden has reported to me from his private practice. Prom 
all the results in these cases I can single out only a few im- 
portant points. First, I must describe our present method oZ 
giving the oatmeal cure. After several days of strict diet 
oome two vegetable days, then three oatmeal days, and lastly 
two vegetable days. On each oatmeal day the patient receives 
250 to 300 grammes of American oatmeal, prepared with an 
equal amount of butter and divided into five menls; and, in 
addition, bbick coffee, wine, a little brandy and, when neoessary 
on account of diarrhrpa, a few dmps of tini-ture of opium, Pre- 
(inentljr wheu the first trial baa liccti UDsiiccessful, we bava 
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obUi&fld good resnlU from &□ imtii«diate repetition of the oat- 
meal dajni foUowing the last vegetable dajn. After the vegetable 
daya we give strict diet with very little (diminisbed) protein. 
I may exprea the naulta in abort as follows : In a certain pro- 
portion of the eaaea (about 10 per c«nt.) the succen can be 
called really remarfcabla. Theae are severe caaes with ketonnria 
which it had formerly been impoaaible to make sugar-frM either 
by oOBpIetaly removing the earbohvdrat» from th^ diet, or by a 
low protein diet, or by a strictly vegetable diet. In these caaea 
tbe mgar aad ketone bodies disappeared from Uie urine during 
tht oatmeal days or the fnllnirinR ve^etAble days, and tb« 
paticDt eotlld subseiincntly hf kept siiiEar-frve. For a second 
fnmp of esMs the atignr entirely or almost wholly disap- 
peared, bnt latrr reappeared on the return to n protein diet. 
In a third group of severe cases the glycoauria remained bigh 
or even inrrrasedi newrthelem, the influenrf nn the kelonuria 
was remarkable. Finally, we have seen a few very aevere caaes, 
in which there was no nasimilstion of the ostmeal and, therefore, 
DA influenM* on the ketonnria. 

For a thorongh undentanding nf tbe elTed of tbe oatmeal 
the foUowiog pointa must be noted : Tbe sugar valu« of an 
oatmeal day is 200 grammes. 175 from the carbohydrate and 
aboat 25 fmm the protein of tbe oatmi>al. Th" sugar vilue nf 
oar teat diet is 125 grammes, that of the rarl)obydnite-fr4>e diet 
only 60, that of the diet with rastricted protein is sboot SO, 
■ad thai of a vegetable day ia atill leaa. Therefore, if in aome 
casaa dnring the preliminary vegetable days 20 or 30 grammea 
of BQgar are excretj^ daily, and then during the oatmeal days 
the sugar entirely disappears, this result is truly aatooiahing; 
and it furthermore ran be readily understood how through the 
aMirailatioo of such an eniirmona qttanitity nf earbohydrate the 
kelMiuria Hft4-n diminishea fnim about 40 grammes almost to 
nothing, and the output of ammonia becomea normal. Let tu 
take, however, a ease in whieh the averago sugar output io- 
enaaed from 30 grammes on the vegetable days to 40 or even 
60 grammas oo the oatmsal diet ; even in socfa easaa the narked 
t on tha tetoaaria ■ readily trndentood, for. oa eadi *■■•• 
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table day, of the entire su^ar value only 20 grammes are a 
lated; whereas, on each oatmeal day, from 140 to 160 graimnefl 
are aasimilated. We must, then, eonsider as the essential result 
of the oatmeal cure the fact that we bj* enabled to bring about 
the assimilation of a considerable quantity of carbohydrat*, 
and thus to diminish the ketonuria without increasing too 
rapidly tlie hyperglyctemia. What is very remarkable in this 
connection is the fact that, with other carbohydrates similarly^ 
used, we do not get the same result. 

In my report I shall mention a case in which 30 to < 
grammes of dextrose were excreted daily during the oatmeal 
core, while on a diet consisting of potatoes, milk, zwieback, 
fruit, etc., an average of 150 grammes of sugar appeared in 
the urine. In another ease, a diet of wheat flour was given 
between two periods of oatmeal diet. The difference in the 
sngar excretion was almost as great as tbat in the case men- 
tioned. The most important indication for the oatmeal cure, 
therefore, is the presence of ketonuria; and the fact that 
some apparently hopeless cases also become sugar-free is a wel- 
come additional occurrence. A further indication for this cure J 
is in cases in which the digestion is impaired by a meat and fat 
diet which has been too long-continued. 

Some authorities have belittled the advantages of the oat- 
meal cure. Naunyn, for example, believes that the apparent 
good effect on the glycosuria is brought about by a fermentation 
of tJie greater portion of the oatmeal in the intestine. He v 
as an argument the results of the investigation of bis pupil. 
Lipitz, who found the intestinal bacteria increased in number! 
during the oatmeal cure. This objection, however, doen i 
hold. In the first place, Lipitz'a method of quantitative ( 
nation of the bacteria is not reliable. Second, there is prsc 
eally no clinical evidence of a pronounced int^tind 
fermentation — no tympanites and no fermenting stools. 
if there were much fermentation, as Naunyn claims, the effect 
on the ketonuria could not be explained, for the fermentatioi 
products of carbohydrate, since they can not again imite to f 
sugar in the body, should rather increase the ketonuria. aa, foi 
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tuee. io the lonn of low fatty adds. The fourth and mont 
■trikiiig point is wttb regard Io the protein metaboliam. The 
nilrogeo oatpat aoiouct*, in ■acoeasful case*, on oatmoal d&y*, 
to only S, 4, or even 3 grsmmex, and, indeed, is somctimeii lea 
th«o the M>-calIed minimum nttroften det^rmiaed by Land#r- 
gniD in norma) individnalx, kept for sevGral dayi on a practi- 
cally Ditroges-fFoe diet, rich in carbohydrate. Such low nitro- 
gen oatpata during the oatmeal mre are ponible only when 
Ibi? carbohydralM are really aaiimilnted, and not merely fer- 
mented in the intestine. Id nuch csaea also we find regularly an 
increase in body-weight of two kilos or even more in three or 
fear days. The final test of oar assumption is to be found 
in those few cases in which the oatmeal is not assimilated at all, 
as shown by the eoormons output of irugar while on thia diet, 
for there is no effect on the ketonuria and the nitrogen output 
amoDOta to fl grammes or even more daily. 

Hie cause of this remarkable effect of oatmeal is as yet 
naknown. That it is not the limited amount of protein in the 
diet isahown by the fact that Von Noorden fonnerly added large 
UMOnta of vegetable protein to the oatmeal porridge, deriving, 
bowvver, good reaulta. FurthcTmore, this sssunipti'in can not 
eiplaln why other carbohydrates do not prodaee the same result 
when given in the same way. The argnnwnt that the causa IIm 
in the moUicutar stnictun; of the oat ftareh also seems weak. 
Hiaa has aam good effeets fran tha oae of oat extracts. It may 
ba tnw Uurt then ii aa cztraetiTe substance in oatmeal which 
■rtnnilalM th« btemitl SMretlooa of the pancreas. 

The great variely io symptoms and severity as diowo io 
diabetes in human txeinga demands many varietiea of treatoMfit. 
In all but the very mild caara the diabetic needs the oonatant 
npcrriaioD of bis physiciaa. Special eare, however, most be 
taken when ws wish to make diabetica with ketonuria sugai^ 
tne. The treatment of such patients in their hones ia possibla 
only if they are very intelligent, and it Dnewitatei great firm- 
atm of ehoracter. Id severe eaaea it is posmble to nuke then 
ragar-free only In a boapital. PsrlbenDore, io raoderatdy 
serat* eaaea a stay for a time in a boapital b adviaable. par- 
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ticularly during any determination of the patient's depre 
tolerance. A course of the waters at Carlsbad, Vichy, Neuenahr 
Marienbad, Tarasp and other spas is often remarkably beneficial. 
The advantage of such a course is, according to Von Noorden, 
shown by the fact that during it the patient can often be made 
sugar-free or can establish a high degree of tolerance on a less 
rigorous diet than otherwise would be necessary. In extremely 
severe cases the patients should not be sent to these resorts, but 
directly to a hospital. A very important element in the 
treatment is a liberal amount of carefully regulated exercise. 
Severely affected patients, however, must avoid over-exertiou. 
which often increases the glycosuria markedly, and may do 
actual harm. 

Obese patients with a mild diabetes can, to advantage, be 
carefully treated for their obesity by restricting the number of 
calories in the diet; but, in severe cases, it is not advisable to 
attempt to reduce the body-weight. In cases in which gout is 
complication, one must consider carefully the purin content 
the diet. 

Finally, in regard to the prognosis, the patient's Rg8»,| 
environment, and circumstances, and any complications, musti 
be considered, as well as the severity of the glycosuria and 
ketonuria. I can not now go more into detail regarding prog- 
nosis, except to say that the occurrence of diabetes in early 
years does not preclude a complete cure. There arp su( 
patients who have been made sugar-free and have remai 
BO, and are able again to follow their regular occupations. 
the.se cases it is, however, always to be feared Ibat, under 
favorable circumstances, such as excesses, over -exert ion, or 
citemeut, the sugar may reappear. In this connection 
character of the patient is very important. Moderation, self- 
control, and steadfastness are essential. T regard such patienta 
as cured, although the predisposition to diabetes is still present. 
It is only in the same sense that we are able to consider a tul 
cnlouB patient cured. 
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JOHN P. ANDERSON ud U. J. R08BNAD 

WatltinKtOD, D. C. 

ANAPHYLAXIS {ana, Bgaiast, uid pAylsx, giurd, or 
pkfflaxu, protection}, also called hj-penuKeptibilit^, 
fOptneBntWeticn, ia a condition of uniuual or csangvrated sos- 
erptibility of the organiim to foreigo mbirtaiioeH. The word 
"aaaptorluia" was introduced by Bichet to dMcribe a oooumry 
condition to propbylaxit. As wti now regard the pbenotnenon, 
the mini is a misnomer, for we look upon the condition of 
fayperauBccplibilitjr aa a distinct benefit and advantage to the 
ortaaiain. In fact, protMtioo againat a larffe claa of tofec- 
tiena depends on an altered power of reaction, i.e., bTperwoa- 
wptibiUtjr or anaphylaxia. 

TUa atatc may be congenital or aeiiuired, and ia speollo in 
nature. The rondition of anaphylaxis may be brought about 
by the intnduetion of any strange protein into the body. 
Hjrpcnaaoeptibility to proteins that are non-pobonona in them- 
selvea may rvadily be indnoed in certain animals. 

An animal may be in a eundltion of byperwiseeptibirity and 
iaunnnity at the same tine. The two condition* are doaely 
interwovro : the latter is often dependent on the foruKT. Von 
Pirqaet advises that the term "iraraoaity" be limited to indi- 
cate the condition of complete resistance in which do dlnkal 
naetion ocean, when poisooa «ueh as diphtheria, tetanna, etc., 
ar« tntrodneed into the organiam. He soggcata tbe term 
"atlergie" to indicate oonditionB of acquired immunity avo- 
ctated with anaphylaxia. 

Id the case of vaeeinia the raaetioD to a primary "take" 
appeal* after an iMnbatioa period uf four daya. In a aeo- 
oodary vaccination the pariod of famibatioo ia sborttned and 
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the clinical reaction lessened. In other words, the power ( 
the organism to react has changed. This increased power of 
immediate reaction protecta the individual. There is no abso- 
lute inununity in this class of diseases; the prophylaxis depends 
on the anaphylaxis. 

Aller^e then, as the word indicates {alios change, and 
ergon action), is an altered power of the ot^anism to react 
When this power of reaction is increased we say that the body J 
is hypersensitive or in a state of anaphylaxis. I 

The tuberculin and tnallein reactions are well-known ia-l 
stances of anaphylaxis. These substances are not poisonous 
when introduced into a healthy individual, but the tuber- 
culous individual is anaphylactic to tuberculin, and an indi- 
vidual suffering with glanders is in a state of hypersuscepti- 
bility to mallein. 

A clinical instance of anaphylaxis is the hypersusceptibility 
of some individuals to pollen— hay fever. The best studied 
instance of experimental anaphylaxis is that produced in the 
guinea-pig by the injection of a foreign protein; for example, 
horse serum, egg-white, milk, etc. Especial study has been 
made of the anaphylactic action of the blood serum of the 
horse, partly because that serum is so much used in serum 
therapy. 

It has lonR been known that the blood of certain onimala 
is poisonous when transfused or injected into certain other 
species. Many instances might be cited showing that the blood 
serum of an animal of one species has poisonous properties 
when injected into an animal of another species. But the 
blood serum of the horse apparently lacks such poisonous action. 
Very large quantities of the blood serum of the horse may t>e 
injected into man, rabbits, guinea-pigs, and many other a 
without serious inconvenience except occasionally a slight reM 
tion at the site of inoculation. 

In a certain proportion of cases the injection of horaa' 
scrum into man is followed by urticarial eruptions, joint pains, 
fever, swelling of the tymph-nodes, cedema, and albuminuria. 
This reaction, which appears after an incubation period i 
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eigbt to Uiirtoen days, has be«u termed by Von Firquet snd 
Schick the "aerum diwase." 

Id exceptional cuca, sntlden death haa followed aii iujeottoo 
of bune Henun in man. 

We have abown that ordinarily horse serum is a compara* 
tivelr bland and bornilcn subatance wbeo injected into certain 
bat these animala may be rendered so susceptible 
that an injection of horse serum may produce death or severe 
symptoms. For exampli', larici> quantitim of horae nerum may 
be injt-cted HubcBtaneously, into the peritunesl cavity, into the 
braiu, or directly into the circulation of a guinea-pig without 
apparently causing the animal the least inconvenience. If, 
however, a goinea-pig be injected with a small quantity, say 
O.0OI cc, of home serum and, after the expiration of a eertun 
iotenral. again injected with horse serum the result will prob- 
ably be fatal. The drat injection of bone serum baa senaitlzed 
the animaJ iu such a WMf aa to render it very suaceptibla to ■ 
second injection of hone lenun. 

A certain lime moat elapse between the first and the secrad 
injections before the animal beeomes auaeepUble to a seooad 
InjantioD. This period of incubation is from seven to twelve 
dajra, and oorresponda anggntively with the period of incuba- 
tion uf the serum diaeaae, which Von Pirqnet and Schick place 
at ei|^t to thirteon days. 

Quinea-plgs may be sensitized with exceedingly small qaan- 
titiea uf borse senun. Id most of our work we used quantitiea 
lesB than O.OM cc, and we found in o»e instaaee that 0,000,001 
e.e. of borw aemm waa sufBeient to render a gaii»e«>pig tiu- 
sMptiUa. 

Walla haa rseaotly shown that gaine«-ptgs nay be noii- 
tiaed with 0.000,000,05 of a gramme of egg albumen fread from 
the other protetDS of «gg-while. 

It atao reqnirta wt7 small qoantitiea of bona nrom, whan 
glvKD in a SMKHid injeotion, to produce potsotiofts aymptoma. 
Otia-tenth of a caMc caDtimetn injeeti^ into the peritonaal 
oavlty is sometimes saffldent to csose death; 0.1 ce. sobea- 
tanflooily may caoae qrmptama, while much smaller amounts 
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given into the brain or directly into the circulation 
fatal. 

At first we thought that diphtheria antitoxin had 
relation to this phenomenoo ; we are now able to state positively 
that it has nothing whatever to do with the poisonous effects 
of horse senuD ; further, that diphtheria antitoxin in itself 
absolutely harmless. The toxic action which we have studied ia 
caused by a protein in normal horse serum and is entirely lode- 
pendent of the antitoxic properties of the serum. 

REVIEW OP LITEEATUBE. 

Early in the last century Magendie" found that rabbits which 
had tolerated two intravenous injections of egg albumen with- 
out any ill effects immediately succumbed to a further injection 
made aft#r a number of days. Later workeis with precipitina 
have frequently found that some of their animals died suddenly 
during the course of treatment from no apparent cause, whils 
what really happened was that they were in a state of anaphy- 
laxis to the foreign proteid. Other analogous instances may be 
found scattered throughout the early literature. 

In 1888 Arloing ' expressed the opinion that pathogenic 
micro-organisms secrete soluble substances which inlluenee the 
organism in such a way that at a later infection it succumbs 
more quickly. The organism is robbed of its natural protecting 
bodies through the first process. Arloing evidently had in 
mind that the power of reaction of an organism could bft 
changed. 

In 1891 Courmonf* studied Ibis question with reference 
to the tubercle bacillus and the subject was further pursued 
by the Lyons School with staphylococci, streptococci, B. pya- 
cyaneus, and other bacteria. 

Brieger,"" in 1S95, immunized a goat to a high degr«e against 
tftanuB. The blood and milk of this animal contained large 
quantities of antitoxin. The animal, however, died of tetanoa. 

Knorr," in 189,5, studied this unexpected phenomenon more 
closely and found that guinea-pigs developed an increasing 
sensitiveness to t«tanus toxin after repeated sublethal doses. 
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' in 1897, worked on th« relative toxicity ol 
blood Mnun in health and diaeaae. He found that iotravenoui 
i&Jwtioo into rabbita waa not reliable and therefore oaed aub- 
eutUMOOB inJMtiona into Kuinearpigs. lie found that the 
1 itehle blood serum of man, ab«ep, ho^, rabbit and cattle 
I amall doaea (about O.ii c.k.) produced infiltration in 
I when itijert^d Hubcutaneoualy and necrowa when 
■Ivco in Urge quantitiea. Twenty c.c. of thme Benims (10 tu 
16 of CAttlit aenun) ia sufficient to cause the death of gninea- 
piga. Normal liorae aerum is not toxic, even in large doaea 
(20 cc); at swat it only producm aUght infiltrations which 
are rapidly absorbed. 

Herioonrt and Biofaet," in lB9ii, in studying the eifecta of 
•d aanun on doga, found that they were not able to inunnnise 
Uiem affuost the aenim. but that aa the contrary there was an 
iikervasing anuibility to it. so Uiat finally the dugs died. 

Courtnont," in 1900, fuuud that a guinea-pig might mppoK 
an intraperitoneal injratiou of a pleuritic effusion of about 
one-flfleentb ita weight (30 cc. for a 400 Qni. guiaea-plg), 
without fatal effect, whereas dosea wry muoh anwller (seren) 
ce.) (iTcn in repeated injectiona under the sidn or isto the 
periloDeuni caused oedema and death. 

Von Behring end Kilaahima,'" in 1901, repeating aonw of 
Kaurr's work, found a similar instance in a horse immunised 
•gainst diphtheria. Thia curious phenomenon, sonwtiiiies seen 
with bacterial toxioa, was called hypeivusceptibility and was 
spoken of as a paradoxical reaction. Von Behring and Eita- 
abima then made their experimeiita on guinea-pigs. Von 
Bifarioc looked oo tlw hypennucepUbility aa purely bisto- 
■ractie, 

Portier and Biehet,*" in 1902, found that if dogi were given 
a Tery small doee of ■ gtyoerin eitract from the tentaelea of 
actinia, and then in fifteen or twenty days given a second wamii 
dose, the animala qtiiehly sBooumbed. The daw given wm so 
■nail M to canse no synptonu in a normal animal. They 
pr apa w d lbs word "uaphylazis" tu indicate hyperseodtiTO- 
MB to a poboo. 
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Arthus,* in 1903, studied the effect of repeated 
of horse serum on rabbita and found that if a rabbit were given 
repeated injections of horse serum at some days' interval it 
caused, even in small doses, results which, according to the 
number of the previous injections and methods of injection, 
were local or general, benign or grave. 1 

Von Pirquet,'" in the end of 1902, noticed that the symp- 
toms following a second injection of horse serum in a child 
occurred on the same day and concluded therefrom that the 
current views on the period of incubation must be wrong, 
believed that the organism must be changed through the pro-, 
duction of antibodies and that the incubation period was 
terminus of the production of these antibodies. 

Von Pirquet and Schick,'" '*' in 1903, stated that an oi^an- 
ism treated with a foreign serum was diatinetly changed from 
one that had not been so treated. They believed that the strange 
serum did not work directly on the organism, but that there 
must be a reaction product or antibody. At the second injec- 
tion the reaction might occur at once. This they called the 
"immediate" reaction. When the period of incubation waa 
shortened they called it "accelerated" reaction. Von Pirquet 
and Schick found a number of analogies between these phe- 
nomena and the incubation periods of certain diseases, and 
mention specifically vaccination and the tuberculin reaction, 
H)T>ersusceptibility was shown in the ease of injection wiUli 
horse serum as well as tuberculin in those aeuaitized wit 
tuberculosis. 

1904. 

Wolfif- Eisner,"' toward the end of 1904, worked on th«] 
question of hypersusceptibility in the sense of Pfeiffer's endo* 
toxins. Prom this starting point he handled the subject broadly 
iind published bis views. He studied the lysis of pigeon's 
blmd corpuscles and hirnian spermatozoa after the first and 
second injections into the peritoneal cavity of a guinea-pig. 
He observed that guinea-pigs always siiecutnbed at subsequent 
injections. He explained this phenomenon on the ground that 
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I or endotoxitu ooDtaioed witbui the cells 
■re fned when th« cell mttmbrano is dinolved. Tbk aolatton 
b prodnoed throoch s lyna formed by the previoiu treatment. 

E>etr»-D«ut»ch," in 1904, Rtudied the qaMtion why perwuu 
with qrpfailiii do oot Bhow, on secondary inoculatian. k primary 
leaion. He carni>d out experimeota on guineo-pigH by reinCeot- 
itxf them with tuberculosis and showed the diSerencf between 
the coune of the flnit and th« second injection, which he called 
"■nperUifection." tlia explanation of the acute action of the 
■eeond injection coincides with Koch 'a addition theory of the 
labereaiio reaetitm, 

1906. 

Riehet,"* in studying two polsona (oongartioe and thalaasin) 
extracted from actinia, found that if a -nry amall doae, which 
cauaed practically no symptoma Jo a dog, was followed after 
tweoty-two doj-B by another small doae the animal became very 
aiek or quickly died. lie found that not only did his animala 
remftiu anaphylactic for a long time, but that it was oeoeMary 
that a certain time elapse between the first and the secoDd 
injections for the development of this increased susceptibility 
to the foreign protein. He further atates that anaphylaxia 
ia • otw phaoomeoon which haa nevtr before beeo naoted or 
dweritad. aad that it la of the same order as that prodnoad 
by the iojeetian of tubenmlio in an animal suffering (rou 
tobcnukss. 

Too Pirqaet and Schick,"* in a nooograpfa on the Mmm 
diasasB. deaeribe in detail this syndroma which •ometimn 
followi injeetiooa of hone senun in maa. They show that the 
i^nptoms of this dbuaa wtaan eaoaad by ■ aacond tn^tion 
nay either appear at ooee (the im me dia t e reaetion) or after 
a shortened period of incubation (the accelerated reaetioa). 
Pram these clinical obaervstiooa Van Pirqaet and Schiek draw 
original and far-reaching oondnaiooa. Thoy abow the relatioa 
of ihaaa clinical obaarvationa to the ptMoomtooo of hypsr- 
■taoeptibilily, and indicate the importance of tiiaas facta in 
, pathology. Tbey draw attention to the analogy to 
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the tubercutin reaction as a well-known instance of 
susceptibility. Von Pirquet and Schick believe that the serum 
reactiona give a possible explanation of the period of incuba- 
tion of infectious diseases and finally conclude that the immu- 
nity caused by vaccinia and a group of infections is due to 
the power of immediate reaction acquired by the organism. 

During Ehrlich's visit to America in 1904, Theobald Smith 
told him that guinea-pigs which had been used in testing the 
potency of diphtheria antitoxin became acutely sick or died 
from a aubcut&neous injection several weeks later of several 
cubic centimetres of normal horse serum. Ehrlich gave the 
problem to Otto/"* who worked out many essential features 
of the phenomenon, to which he gave the name of the "Theo- 
bald Smith phenomenon." 

Otto showed what is now well known to be the result of ■ 
second injection of horse serum into guinea-pigs. He demon- 
strated that the diphtheria poisons played no part in the 
phenomenon. He found, however, that guinea-pigs finrt treated 
with mixtures of diphtheria toxin and serum were more sus- 
ceptible than those treated with serum alone. Otto showed 
further that immunity to the poisonous action of the serum 
injection might be acquired by repeated injections of large 
amounts of serum at short intervals. He demonstrates that 
this hyperauseeptibility bears no relation to the specific pre- 
cipitins. Finally, he discusses the relation of the Theobald 
Smith phenomenon to the cases of reinjectiou in man and 
cites instances of alarming symptoms following the second 
injection of antitoxic horse serum. 

Pfeiffer "" confirmed Uhlenhuth's obsenrations that certain 
sera, for example hog and sheep serum, caused gangrene of the 
skin and subcutaneous tissue when injected into a gninea-pig. 
On the other hand, the serum of horses and rabbits caused 
practically no reaction. Pfeiflfer demonstrates that through 
repeated injections of normal serum it is possible to immunize 
the animals against this necrotic aottoD and also that the serum 
of immunised animals is able to protect animals of the same 
species. He further confirms Uhlenhuth's explanation of 
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I 9f ununing that tb« terama cooUin « liAptui 
in U>* MDK of Ehriich'i sidc-riimin theory. He believe* tba 
oecroUe aetiao to depend nn and to be identical with luemolyna. 

1906. 

Roattiau and Anderaon give Ibe reaulta of their Htudlcs, with 
•peeiai relation to anaphylaxii in guiiiea-pigs. They show that 
a atngle injection of horae serum is barmlew for normal animals. 
Horse senun is. however. pcpisoDona to a giiinea-pig which has 
praviooaly been injectnd with hone senun. The period of 
iiKiibation vaa determinwl to be about Um days. The poiaonoua 
principle appean to act on the respiratory oentres. The heart 
emtinnea to beat after resptratioD ceases. It is shown Lbat the 
tOKki MtioB of horse serum bears no relalion to diphtheria. 
The poiaoa ia not toiin. Diphtheria antitoxin plays no part 
in Una potaaooiia artion and io itaolf ia bmrmleu. The effects 
of dunieal, phyneal and electrical influenees on the toxie and 
■easitijdnii priDctpht an oooaderad. It is shown that faiat^ 
plfi mnain soMeptible a -nry Utng tine and that very small 
quantities (in out instance 0.000,001 cc.) of horae aenun are 
sgflkient to render fuinea-pigs suaceptible. 

It is shown that an aetive immanity afrainst the toxic aeiioo 
of iione aenun may readily be eatabliahed by repeated injections 
of horae senim at short intervals into a gain«a-pic. Boaenan 
aad Andenon did not siieced in tranaferriofr this immunity in 
the Uood Krom or body jniuM to another foinea-pig. It there- 
fore appean that the immune body, if one ezwt against the 
toxic action of hnrse serum, is not free in the blood or body 
jnlcca. 

It ia shown ezperimentally that the guinea-pig may be 
•anaitissd by feeding with horse serum or with horae meat 

It is further shown that anseeptibility to the liuie action 
of bone serum ia trananitted from the mother guinea-pig to 
bar young. 

The tpecifte nstnre of the pbenomenon ia riuwa. The 
o^tnn ia expreaned that the nibitanM which sniiiiliiai the 
sninml ia identical with that which later peiaooa it. The anb- 
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stance must, however, first cause a reaction in the organism, 
resulting in the production of antibodies. How man may be 
sensitized is considered in relation to the cases of collapse and 
sudden death following the injection of horse serum. 

Anderson ' ' ' found that female guinea-pigB could transmit 
to the same offspring hyperausceptibility t« horse serum and 
immunity to diphtheria toxin. This fact, Anderson stAtes, is of 
great importance in testing antitoxic serums and necessitates 
care in the selection of breeders for guinea-pigs to be used 
in serum work. 

Vaughan "" advanced the theory that the first injection of 
the strange prot«id is broken up into components, one of which 
is toiic, but that the animal is not poisoned because this break- 
ing up takes place slowly. The cells, however, learn from this 
lesson how to break up the complex molecule, so that when 
more of the strange proteid is introduced at the second injection 
it is violently rent asunder, quickly liberating large quantitJes 
of the toxic principle of the complex molecule. 

McCUntoek and King," as a result of their work, concluds 
that the sensitizing action of horse serum given by the mouth ii'i 
not nearly so great as when given subcutaneously or intnk- 
peritoneally. 

Remlinger "* found, in experiments on dogs, rabbita and 
guinea-pigs, an entire absence of anaphylaxis. 

In bis first series of experiments, he gave his animals normal 
horse or sheep serum or antidiphtberic or antitetanic senun; 
one month later, they received from 5 to 20 c.c, of a mixture 
of equal parts of antirahie sheep serum and emulsion of fixed 
virus, 1 

In the second senes of experiments, the animals were firsti 
treated with a mixture of fixed virus and antirabic sheep serum, 
and six or eight weeks later were given the serums above men- 
tioned. None of the animals in either series showed any imme- 
diate symptoms, though two guinea-pigs and four rabbits died 
in five or six days. 

These results, so contrary to all of the asaphyl&etic work, 
may be concerned, in part, with the question of specificity, 
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VoD Pirqiwt'" expUina the theoretical oonsiderations o( 
I Mioalentad reactions with special reference to Taocinia. 

B differsnt ebanu'ten uf the nreolaH and the papalar reac- 

■ are doeribed and the conclasion drawn that Taccination 
dofls not caoae on at»olute immunity, but changes the power of 
reaetioQ of thi- orfratiiitni in Ruch a way that it reocta sooner. 
Thua. when the organiBm is reinfected the proccaa cornea to a 
fondosion in a short time. 

Id ahn(>f note Von Pirqaet"* suggests the name "allergie" 
{allot change, and §rgon reaction) to indicate that condition 
of imFPnnity achieved Uirongh an altered power of reaction. 
Tbe doaa aaaociattoo between immunity and hyperansoeptibiiity 
and the ntlalioo of theae procemea to the so-called endotonna 
ia diaenBed. Von Pirquet advises that the term "active immn- 
nily" ahoiold be limited to those conditions in which the iotro- 
dacUon of a foreign subataoce into the organism causes do 
dinieal rractioo. that is, in which there is a complete lac^ of 
maeeptibility. He dUcuaMS whether this is produced throagb 
alfldna (natural immonity), through antitoxins (active or 
pamve immtmity against diphtheria and tetanus), or whether 
it ia csnaed tbrongh a form of adaptation. ( Wanprmann and 
Citron.) 

VoD Pirquet '" coneliidea that the aecelerali^d reaction in 
Taoeinta is a speciflc reaction between the virus of cowpoz and 
■a immune or allergic organism. Tbe aoceleratod reaction 
I quantitatively upon the smoant of the virus that is 
Prom the thror^tical slondpnint Von Pirquet 
I the belief that the acoderated reaction ia caused by 
the eomiDg tocellier of the vaoeioe virus with the autibodiea 
in Uw aUen^ orgaaiam and tbat the preeipitina are not 
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1907. 

Oay mod Southard " found in gnioaa-piffi dj'isff b«ai tha 

■aao p d inieetion of aerum and in thoae which had aevan 

^rmptooM and were later cUorofamied, what they eonaklervd 

Coflddanbla htnonhMgm, rmther 






definitely localized, are the characteristic gross lesion. 
hemorrhages may be iQ one or several organs, gastric hemor-' 
rhages being especially frequent. Microscopically, there are 
in addition to the naked-eye hemorrhages, minute, interstitial 
and oozing hemorrhages. They alao claimed to have torn 
fatty changes in voluntary muscle fibre, heart muscle fibre 
and in nerve fibres. 

Their explanation of gerum anaphylaxis in the guinea-pig 
is substantially as follows: There is a substance in horse 
serum (anaphylactin) which is not absorbed by the guinea- 
pig tissue, is not neutralized, and is eliminated with great 
slowness from the body. "When a guinea-pig is injected with 
s small amount of horse serum the greater part of its 
elements are quickly eliminated; the anaphylactin remains 
and acta as a constant irritant to the body cells, so that 
their activity for the other elements of horse senim is greatly 
increased. At the end of two weeks of constant stimolation 
by the anaphylactin a condition is arrived at in which, 
if the cells are suddenly presented with a large amount of 
horse serum they are overwhelmed in the exercise of their 
increased assimilating functions, and functional equilibrium 
is 80 disturbed that local or general death may occur. 

In a second paper Otto"" demonstrated that guinea-pigs 
might be sensitized by injecting them with the blood serum of 
sensitized guinea-pigs, and further brought out the important 
point that guinea-pigs sensitized by such a transfer reacted 
within twenty-four hours. He believes that the first injection 
resultfi in a weakening or depressing of the portions ("rests") 
of the antigens which are in the body and thus an apparent 
h>T>er8Usceptibility results. The duration of this hypersua- 
eeptibilitj- depends on the amount of serum injected the first 
time. 

Besredka and Steinhardt" studied with much care certAiQ 
features of hypersusceptibility to horse serum in guinea-p^; 
they note that the French serums are much less toxic than 
those used by Otto in Frankfurt and the serums used by 
Rosenau and Anderson. Besredka and St«inhardt had a mar- 
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Ulitf of aiboai 25 per cmt. when 5 c.c. of nnun rere given 
tntrspentoneally Kt th^ second injaetion, whfrraui desth wu 
Ibr rule in »tir expnrim«iiU undtr iiiinilar noDditiona. Mart 
flf their work wu done with dosea of 0.05 Ut 0.25 v.c., given 
ditvcUjr into the brftin. which pith^r killM or cauwd grave 
Unnptom in nuceptiblc guinea-piRs. B4«r(>dka and St«ui- 
hardl laj a ti em on the prodmrtioo of " antiuiaphyhuu," 
which ws termed " immtiQity. " They found that a aingie 
iDJection of aerum. given into the peritoneum of a aenaitUBed 
ffnines-pig, quickly conferred immunity to a subaequcnt iajec- 
tKiD of 0^5 r.e. tnU> the braici -. in one cue the autianaphylaxia 
waa prment one and a half bourn after the i&jeotion into the 
abdomLnal cavity. They werr unable to demonatrate any pro- 
teetive pmpertiea in varioua organa of immune guinea-pi^. 

Bearedka and Steinhardt" found that guines-plgB eoold 
be put in a atate of antianapbylaxid by the injection of borae 
aemiB into the brain aa well aa into the peritoneal cavity. 
nay oonaidcr it a phenomenon of the aame order aa the dia- 
intnzieation in vitro of the trtanizKl brain by antlt«Uoie 
aerum. They found that gaioea-pigs ooald not be aemitued 
by intracerebral injection. 

They think that their multa arem to indioUe that the 
phenomena of aoaphylaxia and aotianaphylaxia are limilar 
to the prr«ipitalinfi and abaorbing actiona which gorero the 
rdatioa of colloida among tbetnaelvea. 

Baandka'* eondodaa that the tozidty of tbarapeatie 
■anma may be maaaurad by raeana of intraeerebral Injeetiona 
into aeiiaittMd gnhiea-ptga. Maaaared in thia way, differeot 
■eroma ahow a wide nng«> of toxicitiy, the fatal dose varying 
fmn V. (o */■» c.c. Thia toxicity reaidea in the aenim and not 
in tba aaUnUr danonta. 

Tba aeriDBa of bonna living under apparently the aame 
aoadHkna haiva about the mna toxirity ; individual variationa 

Iwa rare and of little tmportann*. The differraee in the 
•oxicity of lenima appean to he due. in the flrat plac^, to their 
origin; and. in the Mmnd plaee, to their age. Reniraa are 
bypertoxic on the day of blaiding, and gradually looe thair 
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toxicity. This loss, rapid at first, becomes gradual f 
tenth day. All therapeutic serums should be considered toxic 
within two months of bleeding. In a general way, all serums 
that excite grave anaphylactic phenomena in doses of 0.0626 
to 0.05 C.C., and a fortiori, above this amount, should be caa-1 
sidered toxic. m 

Besredka finally states that the technic and dosage by thd^ 
intracerebral method is rapid, simple, and not expensive. 

Besredka,'" in a preliminary note, states that serum heated 
to 100 C. has lost all of its toxicity for sensitive guinea-pi^, 
bat still possesses some vaccinating properties; while serum 
heated to even 120 C. is still sensitizing. He believes there 
are two substances in horse serum: (a) the sensibiliainogen«, 
which is thermostabile and gives birth to the senaibiUsine, 
which create the anaphylactic state; (b) the antisenstbdisine, 
which is thennolabile and, being an antibody, combines with 
the iensibilisine when the two come in contact. It is the 
sodden union of these two at the nucleus of the nerve cell 
which causes the symptoms of anaphylaxis, especially marked 
when the second injection is given into the brain. 

Besredka '" considers that there may be two ways in which 
the toxic property of serum for sensitive guinea-pigs can be 
altered. These are directly on the serum, and indirectly oo 
the animal itself. Of all the various direct means, such aa 
chemical, physical or biologic, only heating the serum to high 
temperature is of avail. The toxic property is progressively 
decreased by heating from 76° C. until at 100° C. it disap- 
pears. He also finds that the immunizing power of the heated 
serum follows the same curve as the toxic property. The 
repeated heating of the senim three or four times at lower 
temperatures, such as 50° C. or 60° C. diminishes the toxie 
property three or four times. 

As indirect means, he cites the use of serum as a prevestiifl 
measure, either during the preanaphylactJc period or after t 
period of incubation. He states that ether narcosis prevents 
the appearance of anaphylactic symptoms, but that neither 
morphine nor extract of opium has any influence on the appear- 
ance of the symptoms. 
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^H Id ■ farther rootributum to tbe Bnbjfct RoMoan uid 
^P Aad«ion'"'" »tadied particularly the relation of aoaphy- 
^M liLzia to itnmunity. They i>xpreaii the opinion that profound 
H^ ehunietl changni, perhaps in the central nervoiu system, are 
probably produced by the flmt injection of a strange protein. 
Many drtaitn nmcfmiag the wnsitizinfc and toxic principle 
were MudtH. In addition to extending and wnarming their 
work on tbe ipecific nature of the pbenomraon they nude 
further obaerrationa on the relation of varioua physical influ- 
ences and chemical substAiicm on th^ reaction. Among other 
Uiiiiga tb«y brought oat the fact that proteids extracted from 
tbe hseterial cells and injected into guinea-pigs produced, on 
th« second injection, the same train nt symptoma as in Iha 
eaae of aenitn anaphylaxis. It waa found that in certain io- 
atancM the hypenuaceplibility manifesting itself from io^ee- 
tinns of these bacterial extract* left the animal immuno to the 
eorrespooding infection. 

RoNenan and And4>nKin '^ later demoniitrated the specific 
Mton of aoapbylaxia by ahowing that guinea-piga may be in 
a eondltion of anaphylaxia to three protein substanees at th« 
tan» time. For instance, a guinea-pig may be aenaitued with 
«gg-wbltc, milk, and horse aerum and snbaeqaently mart Id 
■ bcM penod of time to a aeoood injection of each on* of these 
■abatmDMa. It may be aenaitiaed by giving tbaae atrange pro- 
kiim aithtr at tha same or at diffennt Umf*, in the aame or 
in dMEercot plaeec or by mjeeting then separately or mixed. 
Tht inioea-pif diffarentiatea aadh anaphylartie-productng 
protahi in a perfectly distinct and separate manner. Tlis 
■nimal acta aa though sttsreptibln lo three separate infeetion 
Tha eonelusion is therefore drawn that the pht- 
I of anaphylaxia is specific and the belief exprewwd 
llw work indieatca that chemical ckangM rather than 
I alteratiooB lie at the basis of this phenomenon. 
Von Piniuet"* agahi clmriy deflnaa his eonoeption of 
alltntio sod pointa not that a complete Immunity does not 
esisL Pot example, in rwaccinatinn there ia an immediate 
though alight clinical reaction and it ts on this eondilhra of 
hypermsoeptibiliiy that immunity depends. Tb« c 



188 



HARVEY SOCIETY 



and advantages of the cutaneous vaccination for studying 
problem and for diagnosis, especially in tuberculosis and oti 
infectious diseases, are discussed. 

Von Pirquet's'" admirable clinical studies on Taccination> 
and vaccinal allergie are fully described by him in a brochure 
published in 1907. The clinical side of primary vaccinationa 
are first considered and then the clinical side of secondary 
vaccinations are pictured and discussed. He gives a clear 
picture of accelerated reaction in ail its details largely by the 
use of curves and tables. Finally, Von Pirquet's conception 
of allergie in relation to the early vaccina! reactions is ex- 
plained. The theories of hyperausceptibitity are fully dis- 
cussed and their relation to the phenomenon of vaccination 
is considered. Von Pirquet concludes in part that these 
vaccinal characteristics were more or less known by the old 
vaccination physicians hut, up to now, have been forgotten. 

The new points discovered by Von Pirquet are especially 
the morphological, the early reaction and the method of pre- 
senting them in curves. The observation that the normal 
time of reaction is gradually changed to the "immediate" 
reaction in secondary vaccinations is also new. Von Pirquet 
further brings forward his conception of the cachectic 
reaction and the differentiation between the papular and 
areolar reactions. He insists on the presence of antibodies] 
which lie at the foundation of accelerated reaction. An 
analysia of the local symptoms is divided into two proceesesi 
one, the growth of the infective principle; and second, the 
production of antibodies in the organism which explains the 
accelerated area- reaction. 

Richet'" gives a general review of the subject of anaphy* 
laxifi and also some very interesting work on anaphylaxis pro- 
duced by a Buhstance obtained from the Mytilus edulis. He 
found that the blood of a dog sensitized by this substance, when 
injected into an untreated dog. sensitized the animal two days 
later to an injection of the extract. 

He thinks that anaphylaxis is due to the presence of a 
loxicogenic substance, non-toxic of it«elf, hut producing 
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' paiaoo by reaction with tlie secoad injection of the extract. 
In lupport of thin view, be states thai a misture of the sertun 
of m Kuitized dog and of th« extract in vitro i» more toxk 
than the eUnct alonp. 

Riebet "* ntpurta further experiments on the prodaction 
of a&aphylaxia with an extract prepared from a moasel 
{MftOut edulU). 

Tbt experiments wer« made on dogs, especial itady being 
made of the production of vomiting in the anapbylaotic 



Vaoghaa and Wheeler '" Miinu)ftrin> their work to date on 
tlu potaODOtn and Don-poisooouji portions obtained by splitting 
proleina. They believe the potaonuua group to be an caaential 
eoostitueot of all the protein molecolea. It is the ehranical 
nucleus and is regarded as a protein body the chemical struo- 
ture of which remaitu imlcnown. It owes ita po^nooa action 
to the avidity with which it eombiaca with eeitain group* io 
the molecoloi that constitute the ceUa of the req>iratory centre. 
Ttie protihn moWuW of bacteria may thua be broken up, 
MDntiziag the body. The poiaonoua group, when aet free, 
indncH the symptoou of diacaae and death. Protein ana- 
eaptibility and immunity are different man! f eitatiotta of od« 
and the same procen; both depend on the development in 
the animal body of a specific proteolytic ferment. They 
believs the noo-potionoaB portion of split proteins to be the 
Immmtring or awiaJtiring haptopbore. The aensitiaation 
NBuIta in the development of a apeeifie proteolytic fermeot 
Tbeae naetioos are specific. The development of a spedfle 
qnuogan rssulta from an alteration in the aloraie arraaganent 
withiD the protein moleeoles. Taugban and Wheeler give 
a complete bibliography of the work of Vanghan and hts 
pnpik on this subjeet. 

Corrie ** studied the effect of repeated injeetiotu of horse 
Mnun in persons admitted for treatmcot la the Olaagow Fever 
cod Smallpox Hospital at Betvidere. He eoocludes that it is 
apparent from tbi> facta delailsd by him that repealed injeo- 
tkmm of burae serum iodooe symptons of suptrsenaltliatloo 
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in man, but it ia ako apparent that the same facts lend 
countenance to the suggestion that the death of persons suffer- 
ing from diphtheria is to be apprehended as the result of 
repeated injections of anti diphtheria serum. 

Goodall" gives observations on ninety patients who had 
received two injections of horse serum ; of these, 43.4 per cent, 
gave either an immediate or accelerated reaction. 

Nicolle "" found that guinea-pigs were not susceptil 
the necrotic action induced by repeated injections of hoi 
serum, as is the ease in rabbits. He alao found that dail^ 
injections or "spaced" injections, after the method of Arthug, 
did not induce a high degree nf hypersensibility in guinea- 
pigs. 

Bieneofeld '° has studied the leucocytes in the serum dis- 
ease, and comes to the conclusion that the injection of large 
quantities of serum has a twofold effect on the number of 
leucocytes. Immediately following there ia a leucopenia, and 
following this a leaeoeytoais. The bibliography contains fifty- 
two references to the literature on this phase of the sabject 
alone. 

Friedemaun and Isaacs '' report experiments oa the 
metabolism of proteins introduced into the organism, through 
channels other than the gaatro-intestinal tract. The relation 
to immunity and hypersusceptibility is discussed. Experi- 
ments on dogs and goats on nitrogen elimination, after the 
injection of homologous and heterologous serums, are con- 
sidered. It is shown that dogs given intravenous injectiODB 
of 40, 80, or 200 c.c. of egg-white soon die with characteristie 
symptoms including great muscular weakness and paralyHii 
of respiration. 

Heilner" considers the effect of large amonnts of foreign 
blood serums introduced into the body by the mouth or aub- 
cutaneously. He concludes that the introduction of such for- 
eign seroms, and also perhaps other proteins, into the circula- 
tion calls forth a certain effort which ordinarily is not preaent 
and, farther, reports the fact that rabbits sre able to with- 
■taod, without apparent barm, a single injection of very greet 
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qiUDtitiaa uf fortign wnim* — u much u one-eighth of the 
body weight. 

While rtudyiog the iobject of an«phylucia ia Rio de 
Juwiro, Vuconc^Uoe "* foaud that the guinea-piga and io 
Bio, when given a aeiuutiziDg doae and, after the luoal time, 
givm s wcood iojection, did not show any grave Hymptoim. 
He tartad the Rio guinea-pig* with the Bio aenim an well as 
with the aenmi from the Pasteur Inetitate at Paris, and from 
Mtnk't and obtained aimilar raulta in each eaae. 

In order to aee whether thia failore of the Rio gaioea-piga 
to ahow the reactioo of hyperwnaibili^ waa due to the race 
of tbe guinea-pigs, he obtained guinea-pigs from Argentiita 
and found them very susceptible. 

Ha eondders that tbe race of tbe guinea-pigs plays a eoa- 
aidervble r&le in tbe reaction to a aeoond injection of bone 
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Weil-Halle and Ijemaire "* prepared an antisonun by 
injecting bunte eenini into rabbits and bled the animals when 
tbe bone aerum as such bad disappeared from the blood. 
Untreated guinea-pigs and rabbits were injected with varying 
amoonts of thia antiaemni, under tbe skin of one thigh, and 
at tbe aame time, with varying amounta of borae semn, under 
the akin of the opponte thigh. They found that varying with 
Um proportioa of the two serums injected, anspbylaetie syoip- 
toma were prodn«ed, either local or general. When local 
symptotna were prodnead, they wen always at the rite of 
tbe injection of tbe antiaemm. Tbgy beliamd that the inten* 
aity of tbe reaction aeenied to depend on the relation betwaoo 
the qnantities of the two aamna; wheo the quantities approaeb 
nnity the leaiona are mora loeal; when they are vide apart 
the general symptoma are more oonmon. 

Remlinger,"* baring found io preriooa asperimenta that 
he waa onable to produce anaphylaxis in doipi. rabbits and 
gninea-piffi by tbe use of rabio vima and sheep serum, en- 
deavored (o determine wbethar this was peculiar to those tab- 
and if the nma ranlta would be obtained with anti* 
dtpbtberia and antitetanus aemns. With these aemma, by 
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repeated iujeetioos, be obtained no reaction in dogs. -In 
rabbits and guinea-piga, he obtained the local reactiona and 
only exceptionally the general reactiona. 

When guinea-piga and rabbits were given an injection of 
a mixture of serum and toxin and later injected with normal 
horae serum, some of the guinea-pigs showed symptoms. 

Eiayouu "" found that guinea-pigs sensitive to horse serom 
did not react if they were injected with the blood of a horse 
which had received several injections of human blood ; but that 
the serum of a horse which had been rendered hteraolytic for 
human red cells was more toxic than normal serum. 

He states that the toxic action is modified by the amount 
of the sensitizing dose so that the susceptibility is decreased 
as the amount of serum given at the first injection is increased 
until one-tenth of the body weight is reached, when they do 
not respond at all. 

He also found that guinea-pigs which had been sensitized 
with serum did not react to milk. 

1908. 

Lewis " considers that the incubation period of the hyper- 
sensitive reaction is not sharply limited, but that there is a 
progressive increase in sensitiveness from the sixth day, pos- 
sibly before that, extending over a period of several weeks. 

He confirmed our results as to the transmission of the 
hypersensitive reaction from mother to young, but found that 
all of the young of sensitive mothers were not equally sensi- 
tive. He considered that the anaphylactic state depended 
on the development of a special antibody during the incuba- 
tion period, which may be transferred pasmvely to an untreated 
animal. There is also in the serum of hypersensitive guinea- 
pigs an uneliminat^d horse serum element or "rest" which is 
distinct from the antibody. This antibody may be entirely 
neutralized by the gradual introduction in twenty-four houiB 
of increasing doses of serum, 

Lewis,'* in his second paper, reports studies chiefiy on the 
bypersusceptibility of young guinea-pigs, bom of treated 
mothers. He found that wheu the deSbrinated blood of sat 
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rounif gninea-pigx wu injecUid into UQtreattfd guuiM'pigi, 
they were rcjiderfil hypertensitive to ui injection of wrain 
witliiD ■ few hours, but it the injection of bone bltodi wbs 
delKjred antii sfter the incubation period, they failed to r«aot. 
He dJMMMi io Mune detail the mecbanisui of anapbylaxia, 
'^'<t"g to the view that the aenaitiaDg injection multa in 
the forautfoo of an antibody. 

Re also reporta ■ome work with a Mrum which had <!auaed 
aemv aymptooui id a man about thirty minute* after injec- 
tion. He did not And thia aerum materially diffemnt in tox- 
icity from the rarunta normal ■enuna when teeted on aeoaittve 
piinea-piBa. 

By porifying bone aenim with ether and then precipitatjof 
with "■""wi^ttn aolpfaate, tiay and Southard " found that, 
after atveral precipitationa, the loat fraction waa aa hi){hly 
loxie aa bone aenitn, but diatinetiy leea aengitizing than etthef 
whole borae aemm or th« flrat fraction. The flrat fractioo, 
obtained by one-third aaturation with anunooiiun enlphate 
(eoflobaliDa), ia aa hishly aeDaitidng aa whole borae lerufli; 
it m aoalogoua to aoaphytactin and apparently a purely aen- 
aitising Bobatanoe without admixture of the toxic etemenU 
of hotae aenun. Thia euglobolin ia abaoiutely noo-toxic for 
■analtivc aaiwala. Bepeated large doaea not only eaaae no 
retraetory phaie but diorten the penod of incubation. It 
■miitiaea Domial aoimala in a few daya (four or five). 

Gay and Southard " itatc that increaaad aoacepUbttity in 
aenaitiied aninula ia dne to the continoed preaenM in the 
eiroulatian of an unncutralized element of borae eenun (ana- 
phylaettii), which acU aa an irritant or atimnlant to the body 
eella atid in aone wa}' eauaea them to nwrnilate orer-raptdly 
eertain other elementa of horae aerum. They believe that 
anaphylactin ia not an antibody to hurae aerum, but aorae 
retained aubataoor. They alao expreaa the belief that the 
iatoximtJOD of animala by bone aenun ia not due to a tone 
■Bbataiwa fonned of antibodiaa plua antigen and that munorer 
tike naetioo of iotoxicalMa takea ptaw, not tn the elrralattoa 
of the aiiiiMl, hut io the prepared eell. 

Oay and Southard ** empbaaiie the point that a aeoaitive 
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animal iotosicated with a large dose of aemm and reeoveri 
pasues thereby into a refractory state (anti anaphylaxis) 
by the same mechanism again becomes sensitive to the toxu 
effeets of horse serum. 

Gay and Southard " state that animals sensitized with 
either egg-white or milk will react more or less characteris- 
tically to horse serum. After sensitization with egg-white 
guiuea-pigs will react faintly to milk; after sensitization to 
milk they will react slightly to egg-white. They conclude 
from this that anaphylaxis is only relatively specific. 

Gay and Southard "' found macroscopic hemorrhages i] 
one or more organs in 85 per cent, of the guinea-pigs whii 
either died of a second dose of horse serum or were kill 
within twenty-four hours after the second injection. The 
cause of death, when it occurs, is respiratory. Respiration 
eeases in the inspiratory phase and shows itself anatomically 
and histolt^ically as emphysema. The most striking func- 
tional feature is severe diaphragmatic spasm. The applicatioa 
of horse serum to the exposed vagus of a seusitive guinea-pig 
produces severe respiratory symptoms. Guy and Sontbai 
regard the changes in the respiratory centres as a phj^ii 
rather than as a chemical nature. They state that neitht 
hemorrhage nor respiratory death is an indispensable feature 
of this disease. All guinea-pigs so far examined show iatty 
changes in many regions involving single muscle fibres or 
other cells. 

Rosenau and Anderson • '" report the results of further 
studies on anaphylaxis. It is shown that the period of incuba- 
tion is about seven days in guinea-pigs sensitized in the brain 
and about nine days in guinea-pigs sensitized subcut&neousljr. 
It also appears that the sensitization comes on somewhat grad- 
The period of incubation is quite constant and is not 
iciably prolonged by a large sensitizing dose. Sensitized 
^ probably remain sensitive throughout the 
their lives, at least 732 days. 



The effect of heat and chemical substances is again 
in ret&tiua to the eentitiziog and tojdc principles i 
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MTIUL Tha tptfllBe nature of aaajihyluu is Fortiier «hown 
by Tniooft experimenU. Three separate anaphylactitu have 
been demooitrated ia the blood of a gaioea-pift. It ii shown 
that the tubataoee known as anaphyUctm is not prewnt duriog 
the period of incabatioo ; and may be demoustrated in the 
blood Bnnim of immune guinea-piga. Congeitton and hemor' 
rbagee are aomettmes found in guinea-piga dead of anaphy- 
laxta. Fatty leaiona were not diacovered. These morphologic 
alterations, it ia belicTed, do not explain the mechanism of 
anaphyUxia. 

It is shown that hone aeram used in cases foUow«d by 
sodden death in man is no more toxic for guinea-pigs than 
antitoxic horse senun used extensiTely in human therapy with- 
out untoward lymptoma. The belief is expressed that it is not 
the Kpecial toxicity of the hone aeram, bat the sensitiEation 
of the patient, which aecotinta for the oollapae or sudden death 
■NDetinMa following the injection of hone seram. The tmat' 
tial leaton in serum anaphylaxu is probably localized in Uw 
rMtriralory centra, and the association of asthma with hyper- 
raseeptibility to hone serum ranst be oonaidered in the nae 
of antitoxin. A relation between the loxKmiaa of pregnancy 
■ad anaphylaxis is auggeated. 

It ia shown by Bosenau and Aodenon '*■ that guinea-pigs 
fluuwt be aouritiacd with guineft-pig fetal blood. Female 
gnioea-piga, howerer, may be seiurittxed with piscental extract. 
After an interval of twenty-two days or longer they sltow symp- 
toma of protein anaphylaxis when given a SMond injection of 
gtdnea-pig placental extract. It therefore seems that the 
mother guinra-pig may be senaitiied with the autdytle 
prodoets of her own plaeenta. Thew experiments aaggert 
that then nay be a certain niation between some caaea of 
pmrpeial edampaia and the phenomenon in the guinea-pig. 

pMredhi ** confirmed the ramlta reported by Roseoao and 
AadcnoD, that guinea-pigs an ea«ly senajticed to a saeoDd 
iajaetioa of milk. He found that they responded markedly to a 
•eeend injection when given into the brain, and that gniiM*- 
I wiik other BotaiuMM ilua nOk al 
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the first injection, supported without ill effects an intracere- 
bral injection of 0.25 c.e. of milk, thus showing the specificity 
of the reaction. 

He found that when milk had undergone the lactic acid 
fermentation, the curd contained the sen^tizing, as well aa the 
toxic properties of the milk, while the whey (petit Imt), even 
when given into the brain, failed to cause symptoms in a sen- 
sitive guinea-pig. 

Besredka " refers to his preliminary note on the same sub- 1 
jeot in which he brings forth his ideas as to the presence id ' 
normal serum of the two substances, aensibiiisinogine and 
antMensibiiisine and the properties and action of the two. 

In bis later article, he gives the details of his experiments 
on which he bases his conclusions. He believes, as stated in 
his first paper on the same subject, that it is the combination 
of the sensibUisine and antisenaibUitine in the nucleus of the 
nerve cells that produce the anaphylactic shock. This shock 
may be lessened either by large doses given during the period 
of incubation, or by small repeated doses after the period of 
incubation, so that this union of the sensibUisine and antisen- 
siiUisine takes place more slowly. 

The shock may also be lessened by rendemg the nerve cells 
indiGferent to this brusque union, as by ether narcosis, Anti- 
anaphylaxis is due to a descnsitization, followed by a return of 
the guinea-pig to a normal state. If the antianaphylaxis ia 
not definite, following a large injection of the serum, it is 
because the surplus of sensibiliatTtogene. which remains after 
the elimination of the antisenaifnlisine, is capable of reeenai* 
tiling the animal. 

Wells'" suggests that the toxic effect of a second dose of 
protein injected into an animal that has been sensitized by aa 
injection of the same protein two weeks or more previously 
may be dependent on the aromatic radicals of the protein. 

Wells*" in a most interesting article takes up a study of 
the chemistry of the substances involved in anaphylaxia and 
the chemistry of the reaction itself. The major portion of 
his work was with pure e^g-albumen, purified by repeated 
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cfyUlliMtioH. He found that this pare Pg^-albomen would 
Braxituv fruit)«ft-pici in dows of one-twcntj'-miUiotitb of a 
frraniino , fatally, io doua of ornvmiUioDth of s gramnie. The 
minunum f«Ul dote for seiuittted gutnea-pig«, pven intra- 
pcritoD^ally, wna about 0.5 milliftranune, and about 0.1 to 
0.(>5 milligram mi! when inJMtrd inlo thp i^irculation. At m> 
itnall a quautit}', 0.1 milliRrommf, of pun ^K-^bumea ia 
fatal for leniiitixed guioea-piKB, be thouglit it improbabli! that 
lb« inJMted pnitciu itaelf could csum- death by uplittiug up 
and liberetiog i>oi»onoua aubntaiii'eit iu Ih' npntx of timr is 
which the reaction occurs. Ue thought that the minuteoflas 
of lfa« minimum ■maitizing and intoxicating; do«n of pure 
•gg-*Ibaaen eeemed to iodicate concluaively that, at leaat with 
thii proteio, both the seoaitiung aod intoxicating agciita were 
me and the Mme kind of protein molecule, or olw two differ* 
eot proteins of the aame molecule. 

He found that milk did not low its icnBitizing and intox- 
kating power when heated to 100° for thirty minulm. aod 
tDcUned to the belief that this might be due to the fact that 
the caaeinogen of milk ia not cMftilatad bj boiling. 

lodization of terum and pure egg-elbumeo did not alter 
the Rpeeiflcity of the reaction when these nibataooM were used 
on guinea-pig*. 

Nioolle. Nteolle aod Poseraki and Nicolle and Abt pub- 
liabed thne artidea early in 1906 which may be rvriewed 
together.*** We cannot here follow these aathmn fully in 
detail and mnit aattify ourtelTea with citing the principal 
points. Thf farts of protein hypermsceptibUity are explained 
■a foilowi: 

The mbstaace injected contains a toxic element which is 
Ht frea by tpeeifle antibodies in the hypenmscepiible ■oimal. 
Hypenoseeptibility may be produced by dirrnlnping this anti- 
body, to which the authon give the general name of lyiin; 
thus, toznlyvin, albuminolyain and cytoiyain. They aMmme 
that a eoagtilation caused by another antibody is neoesufy. 
Thia antibody is called the coamltn ; thus, toiocoagulin, 
•IbmBiaoeoaguIin, c)rtocoagultn. All the antigens produce anti- 
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bodies at the same time. Depending on their respective 
titles, there is either hyperausceptibility or immuDity. The 
order of events following a reaction would be: First, the 
fixation of the antibody by the antigen, then the coagulation 
of the antigen, then the slow and silent destmction by the 
lyaiD. 

Tfiese antibodies have not yet been demoDstrated iit vivO 
or in vitro; but the authors state that there is no reason why 
they may not exist as precipitins, acting only in vitro. 

Hypersusceptibility occurs when there is a rapid lysis of a 
sufficient quantity of antigen. On the other hand, immunity 
manifests itaelf when there is first coagulation of the antigen. 
The lysis then follows slowly, liberating a little of the poison 
at a time. The two phenomena may coexist. 

Otto "*• gives a comprehensive review of the work on ana- 
phylaxis and the serum disease to date. He discusses ths 
historical development of the subject, — the scrum disease la 
man, experimental anaphylaxis especially in guinea-pigs, and 
concludes with an admirable review of the theories which have 
thus far been brought forward to explain bypersusceptibility. 
The bibliography contains seventy references to the literature 
on the subject. 

Kichet,'" in studying the anaphylactic properties 
actino-congestine, suggests as a rational theory that the injeo.' 
tion of the actino-congestine causes at the end of about two 
weeks (period of incubation) the formation of a new sub- 
stance, which he calls toxogentne, which alone is harmless, 
but in the presence of the original poison becomes hypertoxio. 

In this article he gives some interesting details of experi- 
ments on dogs, in which, by injecting untreated dogs with 
the serum of treated dogs, he was able to render the nntreitad 
animals very susceptible to a first injection of actino- 
eongestine. 

Hamman " states that the views of Wolff-Eisner seem to 
fit best into what we at present know of the tuberculin reaction 
and, &hom of their technicality, are briefly this: Tuberculii 
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which really eonsitU of ultnuoiertMcoptc portions of th« 
tubercle bftcillos, produces the sune effeoU in the animal body 
M the tubercle bacilli, eicept that the latter are capable of 
mnltiplicalioD. The local taberoulin reaction in cauaed by an 
■ecum Illation of lymphoid ceila, and tme (fiant cells are formed. 
The injection of living tnbercle bacilli ia followed by the 
development nf hypenenaitiveQem the *ume aa that which 
follows tiibeimlin injcctiona. Aa in typhoid and cholera, the 
immuntty reaction in tubereuloaia depends on the preacnce of 
lyttna. The tubemilin reaction ia not dne to the tnbercaiin 
itaelf nnr to the disintegration at the site of diaeoae, but to a 
new toxic subetAnce formed by the action of the lynns on the 
albaBUDoaB portioa of the bacillaiy body. For this toxic sub- 
■tuiee to become iciive Uie organism mast be in a condition of 
There are, then, two faclon to be eoo- 
: the preaence of lynna and the condition of hyper* 
raaeeptibiltty. The lysins may be artificially in<-n>aacd and are 
th« bodies which deviate complement in WasMrmann's experi- 
ment. The hyperaenaitivenefli variea under conditions of wbidi 
we ar« itill ignorant, but it, too, may to aome extent be atimn- 
Isted or blunted. Normally there if no lyiin pment, or ao 
■nail an amotrnt that when tubereulin is lojceted the trans- 
foraMtioii goes on so slowly that the newly formed toxin eanaaa 
no ■ppreeiahle effect lender oontinuoos minima] stimalation 
tba quantity of lysin increases, and the transfonnatioo then 
noenn so rapidly that after injeetioo iotcDae toxie synptoma 
oeenr. The toxin cause* a local reaetkm at the aite of injectioa, 
mnstitatioiial aymptoma and an tnflamntatory reaction at the 
site of the tubereoloos lesloa. Daring the inoculation of small 
dona of tubereuUn hypenwnd tiT en ew is dereloped. Varia* 
tiao In ■useapUbility to tnbermlin in tuberculous sabjeeli 
dmailda Maentially on variatioa in hypenenaitivencas, lysini 
imbablj being pn^nt in all. 

Weil-IIalle and Lenaire"* found that if untreated guinea- 

pifi were injected at the sankc time with 0.01 e.e. of bmae •emm 

I and 4 CA ol tbs serum of a rabbit, whieh had prwknidj bsan 




given horse serum, many of the guinea-pigs died in from 

to fifteen days. If the rabbit was bled in leas than ten days or 

after sixty days, no ill eflfect was caused by the injections. 

Remlinger'"* having noticed that the injection of one large 
dose or several repeated small doses of the nervous tissue of 
the brain of different species produced in certain Bfiimala 
emaciation, cachexia and even death, endeavored to determine 
if this was due to an anaphylactic action of the nerve substance. 

He injected dogs at intervals of tea to fifteen days sab- 
cutaneously with nerve tissue from the rabbit; gutnea-pigB^ 
with rabbit nerve tissue, and rabbits, with either rabbit, gaint 
pig or dog nerve suhstance. After a variable number 
injections, they were all tested by the intracerebral injectioiw 
of the nerve substance of the same species used in the pre- 
liminary tratment. He never noticed the least morbid 
phenomenon. 

These resnlta are open to the criticism that the use of 
several injections, especially in the guinea-pig, may have 
immunized the animals to the test injection. 

Grunbaum " reports some observations in eleven cases 
which antituberculosis serum had been administered. In 
case did the second injection cause any uncomfortable effect; 
the fourth injection, in one case, was followed by an urticaria! 
eruption; in another case, redema of the ton^e and larynx 
followed two successive injections, and in a man thirty-one 
years of age, the twentieth injection was followed almost at 
once by cyanosis, vomiting, collapse and death in five minutes. 

Oninbaum attributes these accidents to an individual sua- 
cepfibility, 

Banzhaf and Famulener " found that anaphylactic symp- 
toms could not be prevented by ether narcosis, morphine anl- 
phate or calcium chloride. They found that if chloral hydrate 
was used to produce hj'pnosis in sensitive guinea-pigs, about 
75 per cent were completely protected against the iojectiotl 
intraperitoneally of 5 o c. of serum, while 90 per cent, of the 
controls died. 
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^^B Ponnki "* fooQd that rRpiraLcd injection of papain into 
^^UBin«»-pi8B, rery mucb 1h> thui Uit> minimum lethal doK, at 
^^MDtcrvab of four or 6vf days, producrd nftcr the third, fourth 
^Var fifth injection «n unduubtwl HtJtta of uiaphylaxis with death, 
^K aeeooipuiiMl hy the aftn« posfr-morton appearancen as are found 
^P Id dMth from a aini^* Urge doae. 

^ Uaro** aaramea that the ponrutaneotu rtractioo ia a late 
reflex ; that is, an anicioiieumtic intlanuiiation. This view ia 
oonflmwd by the fact that ihe reaction occurs at other poinU 
of the body than where the tuberculin lanolin ia applied. The 
eataoeona reaction ia often syrametric and suggeets, according 
to Mora, hypenuBccptibility of thn tympathetic nervous 



QUIette " reports sudden death in an aathnutic following 
the injeetioo, five minutea previooaly, of 2000 onita of diph- 
theria antitoxin. The poatnortem failed to ahed any light on 



■nfFTOia CAOSD BT TBB tNJECTlOH or HOU ^UU DfTO A 
B MI O B T UM D auivEA-na. 

Vfli7 eharaelariatia qmptoma arc prodnecd by horar aenin. 
titlMr nornMl or antitoxie. whm injected into a suaeaptiUa 
VnilMi»piff. The iymptonia ore apparently the aanw whether 
tha inJeetioB ia made rabcatonMiuHly or into the peritooetui, 
or whetbar normal or antitoxic lenim !■ nied. In five or ten 
■ioDlea after injection the pig biwontM raitlna and agitated; 
then manifeata indications of peripheral irritation or reaplr»- 
tmr embarrasoneot by wTatching at tl»c mouth, oonghing, and 
amnetimca by spsamndie, rapid or irrvgular breathing. This 
atage of eihilaration ia aooo followed by one of parrsia or 
eooptete paralyiia. The pig ia unable to etaod. or, if it 
attenpta to mow, faih oa ita Ma; when takni up it is limp. 
Spasmodic, jorky, and oonvnlaive nwrnmwnta now mpervme. 

Piga in this etate with complete paralysis may fully reeoveri 
bat naually oonvulaiaai eppetr, and are almoat invariably 
forenmoers of deatb. Symptoma appear in about ten nlntttea 
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after the injection has been given ; occasionally in pigs I 
very susceptible they are delayed thirty to forty-five min- 
utes. Only in one or two instances of the many hundred 
pigs which we have observed have the symptoms developed 
after one hour. Pigs developing symptoms as late as this are 
not very susceptible and do not die. The chain of symptoms 
is exceedingly characteristic. The symptoms do not always 
follow in the order given. Death usually occurs within an 
hour and frequently in less than thirty minutes. 

If the second injection be made directly into the brain the 
symptoms are manifested with explosive violence, the animal 
frequently dying within two or three minutes. The same is 
also true if the second injection be made directly into the 
circulation. 

We took the temperature of a number of guinea-pigs twice 
daily for eighteen days following the injection of large quanti- 
ties of horse serum subcutaneously, in order to determine 
whether a febrile reaction followed. No marked deviation 
from the normal temperature was noted. 

Normal horse serum, when injected into normal | 
pigs, causes no symptoms. Large amounts, such as 6 or 1 
may be injected into the peritoneal cavity of a guinea-pig 
without any apparent inconvenience to the animal. "When 
norma) horse serum is injected subcutaneously into the guinea- 
pig it is sometimes either absorbed very slowly or there i 
alight local reaction, as indicated by cedema and indnratii 
of the subcutaneous tissue at the site of inoculation. 
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THE POISON ACTS ON THE RESPIKATOEY CENTaB. 

Judging from the symptoms produced by the injection i 
horse serum into a susceptible guinea-pig we asstimed that the 
poison acted on the central nervous system. Autopsies done 
immediately after the death of the guinea-piga showed inva- 
riably that the heart continued to beat after respiration had 
ceased. In some instances the heart would continue to beat 
a fall hour when exposed. This would seem to indicate t 
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we were detUng with a potaoo which eaoaed death throagh 
the DerTom cantrol of the respimlioD, and experiments nhow 
tbet this effect is certainly not local. 

PBnOD or mcUBATlON. 

A eertais tiine miut elapse between the lint and the aecond 
iojeotiQa of the foreign protein before the toxic action ia 
nanifest. This period of incnbation is from Kvcn to twelve 
daya and oorreaponds suggestively with the period of incuba- 
tioa of the aenuii diaeaae, which Voa Pirquet and Sohiek place 
at ei(ht to tlurteen days, and with the period of incnbation 
of MOM of the infectiotu diaeaaea. 

If a gnioea'pig be given an injection of semm and then be 
bijected again any time during the period of incubation no 
ill multa follow. In other wordi, the animal has not had time 
to enter a state of anaphylaxis to the foreign protein. If, 
howpver, the injection be given after the Mvrnth to the twelfth 
dajr the animal is then in a state of anaphylaxb or hypenua- 
evptibUity to the foreiipi protein. The animal remaina su»' 
eeptible • very long time. The langeat period whieb we have 
ofaaervad is 732 days between the first and the noond injection. 
There ia do nasoo to doubt that guinea-pigs remain suaoeptibla 
diuiDff their entire Uvea. 

Wft fonnd that the period of ineubation appeared abont the 
■eventh day in gutiMft-piga aansitiwd in the brain and aboot 
the ninth day io snioM-ptRS aensitixed subcutaneonaty. So 
far aa may be jndged, it therefore ^>pean that the period of 
itwabatioo is somewhat shorter lo gtilnM-i4ga aaiultisM] ia the 
brsin than in those aensitixed Babcataoaoiisly. It also seems 
quite evident that the senaitieation canua nn somewhat grad- 
oally. Judged by our results and the work of others the period 
of iarubatioD ta quite eonstanL 

Lewis states that the period of ineubation la not to be eon- 
aldered as abraptly terminating at a given day. He says that 
be baa made an animal qoite sick by the iatraoardial iojeelion 
of 3 «.«. of serum oo the sixth day after the toxiD'aatitiudn 
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mixture. We have obtained suggestive symptoras on the 
and the fifth day. 

So far afi may be judged from our work, the period of incu- 
bation is not appreciably prolonged by a large sensitizing 
dose. I 

TEE SENSITIZING SUBSTANCE. 

We have suggested that the protein which sensitizes the 
guinea-pig is the same as that which later poisons it ; profound 
changes are produced by the first injection. These changes 
localize themselves in the central nerve cells at the second 
injection. Our subsequent work has evolved nothing to alter 
this working hypothesis. 

Guinea-pigs may be sensitized by admiuistering the foreigqi 
protein subcutaneously, intraperitoneally, in trace rebr ally, 
directly into the circulation, or by feeding. 

We have shown that the filtrate from horse serum, after' 
precipitation with ammonium sulphate, still possesses senu-; 
tizing powers in spite of the fact that this filtrate contains bl 
little of the serum globulin and is very weak in antito: 
value. 

Formaldehyde does not appear to modify the sensitisinf' 
property in horse senim, though it is capable of destroying tlie 
toxic properties of tetanus " and diphtheria toxins. 

From a limited number of experiments it seems that the 
sensitizing principle is not dialyzable through a collodion 
when placed in the peritoneal cavity of a guinea-pig. 

The sensitizing principle is not affected by the various pi 
servativea used for the preservation of antitoxic serum, 
drying, by precipitation with ammonium or magnesium si 
phate, or by admixture with diphtheria or tetanus toxins. 

The removal of the spleen or the thyroid from the animal 
before or after receiving the sensitizing dose apparently has 
no effect on the development of anaphylaxis. 

We have found that the sensitizing principle of horse semin 
is gradually influenced by heat and almost entirely disappean 
whBn the liquid scrum is heated to 100° C. for one hour. P^ 
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with amsU qnaotitieB of bone wrtun hutod to 
100* C. for one hour, when Bubaeqaeotiy tested, develop very 
xlight ■ymptoDuL 

QaiD«»-ptgs niAy readily be Mnuiittzed by intraeertbral 
iuieetioiu, provided qumnlitia of 0.0001 ce. or more aro tiaed. 
We obtained neg»tive reaulU with aetuittzing doaea of 
0.00001 ex. 

The blood aemm or an etniilainn of the braiu nibataace of 
a aouitised piiaea-pig, when mixed with horiK aerum, do« 
not modify the aanaitinDg power of thv borae aeruRi. 

Some breed! of guinea-piga appear to be more soaoeptible 
tluo othera. The American ^ine«-piga aeem to be moat aoa- 
eeptible. the Oennan breeda not quite ao roueh, and the Freoeb 
aooMwlMt leaa, while the ffoines-pigB teat«d by Vaaconcellai in 
Rio de JuMiro acarady reapond at all. 

TH> Tonc PHHCmX 

At one time we made HTorta to isolate the aoUve prineiple 
in borae lenim which causes tbe symptoms, but as aooo aa we 
rcaltud that the toxic pritidple present in bone aemm exerted 
Ha aelioa to quantiliea ao minute aa to place it atmoat in the 
ealitogy with the farmanta. we raaUmd bow dlffirull it would 
bs, witb the pmeot taehnie, to isolate this sobstanre. Sevcr- 
tbaUaa, we devoted mncb tints and study to tbe relation of 
thia tozie principle to variooa ehemioal, physical, and eleetneal 
iaflnepcea. Tbe pmeticaJ tmportaDce of elemlnatin^ this toxie 
principle from borae serum, or of meutraliooK it, ia at onee 
evident 

Tbe toxi« prindplff ia not affected by variooa cbamieala, 
•oeh as calcium ■•hlnride, sodiom nitrate, mayncdnm nlpbate, 
ammonium sulphate ami formaldehyde.' It is not affteted by 
various fenncnta, alkaloids and similar enlwtaneee. loeh aa 
Utkodwitite, pancreatin, rennin. myrosm, ioveKin, emolsiD, 
pepatn in ai-id solntian and in alkaline solution, imfftuvii 
atropine, strychnine, morphine and caffeine. 

It ia out affeeted by fnuing at 15' P., at by filtration 
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through poreelaiu, drying, precipitation and dialysis, or expo*l 
sure to the X-rays. 

We found it interesting to compare the toxic effecta i 
sensitive animals of untreated antitoxic serum, and the pre-fl 
cipitated refined antitoxin ; bulk for bulk we found them eqnally'l 
toxic. But as the same number of units can be given in half I 
the bulk there is a manifest advantage in using the precipi-l 
tated serum, as the rashes and other untoward effects of serum] 
depend to some extent on the volume of serum administered. 

The smallest amoimt of sernra given intraperitoneally that] 
we have found to cause the death of a guinea-pig is 0.1 o.o. 
One hundredth of a cubic centimetre, when given directly into 
the heart, is sufficient to cause the death of the animal, while 
0,25 c.c. given into the brain is almost invariably fatal. In 
most of our work, however, we have nsed 5 or 6 e.c. of seroin 
intraperitoneally, and this seems to be the favorite dose of 
other workers. Certain symptoms in guinea-pigs caused by aJ 
second injection of the serum suggested to us that the actionfl 
might be due to heeniolysis or the formation of precipitUukM 
By a large number of experiments, however, we were able Wm 
exclude both hiemolysis and the formation of precipitins i 
factors. 

Sensitized animals were given various chemicals the i 
before the second injection of serum. No influence on the an^fl 
phylactic state was obtained by these substances. The following ■ 
were used: paucreatin, potassium oxalate, sodium sulphate, 
magnesium sulphate, peptone, calcium chloride and calcium 
acetate. 

Obermayer and Pick find that when the aromatic radicals 
of a protein are combined with various substances the protein 
loses the power to produce precipitins of closely allied speci- 
ficity for the original species. Their results suggest that the 
aromatic groups of the molecule are closely related to the 
species specificity. This indicates that the striking specificity 
of proteins of different species depends on the aromatic groups 
of the protein molecule and Vaughan has found evidence that 
the toxicity of the proteins depends on these same groups. 
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FleudunaiLD abo fiii<la Utat tryptie disoUoD imtrvy* this 
ehaneteriitio apeeieB xpeeiScity. 

We tortcd a Urg« number of guinca-pigK to delerrn'me Xhu 
poiab Init found that, mo for w the loxkity of hone Rerum U 
eooccnwd at thi! icoood uiJM:tion, it waa not appreciably rood- 
iflad by iodine. 

A few experimenta were made to determiDe the relation of 

BMUmDoclobiD-prodacittg rabataneea, aueh as oitratea, on the 

wynptaaoL Seni^tiTe gninea-piga were ipna anbcutaneoiuly 

1 >a iaJcetioD of aodiam nitrite. In thirty miDatn the pxpoaed 

I Boeoaa inembranca appeared distincUy bluv ; tlu>y were then 

I tealad for their nuneptibility to horae aeram and found to 

reaet in the anal way. Controls ahowMl that the quantity of 

nitrite need waa not aufflcieiit in itaelf to kill the cuinea'pics. 

Benvdka reported aomo interesting obaerrations concerning 

L the pravntioa of aaapbylaxia by ether nanwaia. He alated 

lihat if aenaitive guinea*ptgi were vtherised to the atage of 

f complete rdjutatloa and while in thia atate injected intra- 

" •erebrally with normal home aentni, and tbi? adminiatration of 

ether oontinuiKl a abort time, the animal continued to aleep 

after the inJ4Mrtion and at the end of aboot half an hour awoke 

withoat preaentinff the leaat aymptonw of anaphylaxb. If 

the gaiDe*-pig were teated on the following day it wiinld be 

foond to be iramone. 

Of aigfat rnioea-pigi on which we tried thia experimeot 
with ether, aerm died fmm the effeeta of the aenmd injectiaa 
d( hana teniD. It b our belief that the gain«a-pig which 
raeovarod bad malted ^ymptooia while under the Infiuenca of 
the ttber and probably wmUd aoC have dkd in any eaae, for 
we ban a eertain number of reooveriea from the intraoerabral 
tnjtfttfffit of 0^ e-c of hone aenim. It k true, however, that 
the urcoaia naeka the aymptoina. The differeoee in our reeulta 
maj b* aoeomilird for ffther by the differeoee in toxicity of 
tha IVneh and the American aemma, or, more lihely, by the 
flfcwn ee in loaoeptibilily of the animale oaed. 

Nomal borv aenim may be heated to 90* C. for one boor 
nd itill nnain eligbtly laile when iojectad into a wmritjwd 
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guinea-pig. Its toxicity, however, is evidently 
affected. Heating to 70° C. for one hour does not aeem to 
dimiuish appreeiabiy its poisonous properties, but it appean 
to be affected at 80° C. for one hour. At 100° C. for one hoiir_ 
the toxicity apparently disappears. 

It appears that there is a slight difference between the a 
aitizing and toxic principles in horse serum so far as the r 
ance to heat is concerned. Serum heated to 100° C, foi 
hour retains some power of sensitization, but seems to loi 
Jta toxicity when given at the second injection. This differentij 
more apparent than real, for exceedingly minul 
lunts are sufficient to sensitize guinea-pigs, while a vei^ 
itity of weakened serum would be necessary to pre 
It must be remembered that in our ezpei 
iCe. of the dilution represents but 5 e.c, of senim. , 
factfi must be kept in mind when drawing conclosicM 
from work on split proteins, fractional precipitation, or oU 
methods to isolate the sensitizing substance in pure form, 
very minute amount of the original protein substance in hors 
serum clinging to the globulin, or other substances modified byl 
chemical methods, might be sufficient to sensitize guinea-pig 
whereas it would require very large amounts of such a modifii 
protein to poison a sensitive animal. 



THB SPECIFIC NATURE OP ANAPHYLAIIS. 

From our first studies upon hypersusceptibility we were 
int^sted in the question whether this reaction was spedflc 

In our first work on this subject we showed that this reac- 
tion was quantitatively specific for serums. That is. guinea- 
pigs sensitized with horse serum are subsequently very sub- 
ccptible to a second injection of horse serum, but only slightly 
if at all susceptible to a second injection of the serum of other 
animals, such as rabbit, eat, dog, hog, sheep, chicken, or man. 
Conversely, guinea-pigs sensitized with the serum of theM 
other animals are not very sensitive to a second injection of 
horse serum, whereas they respond actively to a subeequeDt 
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tnjeetlon of the tamo kind of wenun w that aaeH for the flnt 
injootioo. 

We have further showD that the upwiflc natnre of thia 
pbaooownoa ia mora marked when protdn aubataacM of widely 
d lffawut twtare are uwd at tb» flrat and teoond injeetioiu. 
Tlam, a faiB«a-pig aensitiz<id with horae Bemm doea aot roaet 
at all to a mbaequent injection of cg^-whitc, vegetable protein, 
or railk. A fruiiMta-piir aenaiticed with milk doea not react 
to the other protein sabataoeea mentioaed, etc. 

We hanr snoeeedcd in demonatratinR more rlearly the 
■peciflc charaeter of the phenomnjon wc are studying by prov- 
ing that guin«a-pi|{a may be in a cuadition of anaphylazia to 
three protain aubatancea at the aane time. For inatanue, a 
Coioea-pig may be aenaitiud with egK-white, milk, and horaa 
aerom, aod may anbaaquefitly react to a aecond injection of 
eaeh of thcae aubatancea within a brief period of time. Tha 
girinaa-pic may be aenaitiaed by injecting these itnuige pto- 
tei&a either at the ume time or at different timtw, in the aame 
place or in differvnt place*, or by iDJectinn them aeparately or 
miied. The guinea-pig differentiatui each anapbylacUc-pro- 
daeiag protein in a perfectly diatinct and aeparale manner. 
The animal h aoaceptible to the Mcond injectioa of each one 
of the three auhrtaneea in the aame Benae that it ia aoawptible 
to three aeparate dla eai aa. TbcM diatinet reaction!, in ao brief 
a tine, seem to aeoentoate the specific nature of the phcnonte- 
non we are atudytng. It alao adda weight U> our belief that 
proCoimd ehemteal ehaagea, probably in the ecntral nervoua 
qritan, rather than morphologM) alteration!, explain the eMCQ- 
tial faatnres of the reaetioii. 

nnthar evidattee oo the specific nature of the 
will be fmuMl in the dianwlaa of anaphylaetio. 

Gay and Soothard fint discovered the interesting faet that 
if the blood of a gninea'pig which has nveived a amall senai- 
tiaing dose of normal burae eenDD be drawn, the serum eol< 
lasted, led L5 cjl of thia given to a normal gain«a>pig, the 



t 



I 



164 



HARVEY SOCIETY 



I subsequent mjection of J 



animal is rendered susceptible to i 
borse seruin fifteen daya later. 

Otto then showed that the animals react if tested within | 
twenty- four hours. 

Gay and Southard applied the name " anaphylactin " 
this substance in the blood of sensitized guinea-pigs. They I 
considered this substance a portion or "rest" of horse Benim. 

The sensitizing substance or anaphylactin {called sensibiU- 
sinogfine by Besredka) is present in the blood serum of a sen- 
sitive animal. We have limited the word anaphylactin to 
indicate that substance in the blood serum of a sensitive animsl J 
which, when transferred into a normal animal, is capable o(1 
sensitizing it within forty-eight hours. It must be present inl 
an exceedingly minute amount, for we have shown that ths] 
blood of guinea-pigs receiving only 0.002 c.c. of serum contain) 
this substance several months later, and 1.5 of the serum o£j 
such animal, when injected into a normal animal, renders iti 
sensitive to a subsequent injection of horse serum twenty-fouM 
hours later. 

It is of some interest to determine just when anaphylactitti 
appears in the blood of a sensitized guinea-pig, particularly I 
whether its presence may be demonstrated during the period! 
of incubation. We found no indication of this substance ial 
the blood of sensitized guinea-pigs until the ninth or tenth I 
day. I.e., just about the time necessary to render guinea-pigs 1 
sensitive. 

We have found that anaphylactin is present in the blood 
serum of immune guinea-pigs. This fact is of importance in 
the consideration of the mechanism of anaphylaxis. From this 
we may argue that s true condition of immunity exists, for 
the sensitizing substance is certainly present in the flowing 
blood, but the organism as a whole or its susceptible cells are 
protected by a neutralizing antibody. 

We have referred above to the fact that guinea-pigs may 
be in a condition of anaphylaxis to three protein Bubstances at 
the same time. We later found that the substance in the blood 
verum of sensitized guinea-pigs known as anaphylactin ii i 
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umt HDM. By tnuuftuing the blood •erum 
vetuitiied to hone »erum, e|{g-white, and milk. 
and distioet reicUoiu wrre obtained io the 
into which thii annun was tnuuferred. 



tKtOHS. 

Gajr and Southard, 1907, found lesiona in gaineA-pigs dying 
traai a weood injection of wrum, and in thoMt which had ncvore 
aymptoma and were I»t«r ^;hIorofo^nt^d, whidi they interpreted 
aa explaining the mechanism of anapbyloxis. They atati' that, 
"the study of the hiatopatholofiy of this »rniin diw-aiw afaowa 
oa that we have tu deal with an intimate cell reaction, demtn- 
atrablfl by definite cell iMiooa." Theae investiiratoni Htiit« that 
eaiiaiderabl« benwrrfajmca, rather doflnitoly IwjUizeil. are the 
eharaeteriitie groai lenona. The hemorrhagva may lie in one 
or wvcrsl organs, gastic hemorrfaagca bang eapooially fr*qnent. 
Microacopicolly, tberr nn. in addition to the naked-«]re benor* 
rhagaa, miniitv intcntitial and oonng hetoiorrhagea. They alau 
fnaod fatty c-hanrtii in voluntary miiscli; Abre, heart musdc 
fibre, and aenre fibre. 

That Ibe vongnatioD and dilatstitw of the bbiod-Ten^ 
foond in the abdominal cavity and tlie hemorrliaffea on the 
mtieoaa of the stomach are not characteristic of death dna to 
anaphylaxia is evident from the fact that we have foood that 
in violent death prodoeed by large snbeataoeous inieetioos of 
chloral ojraahydr^n or hjrdrocyaaio acid there are aontewhat 
Riailar eaDgestlons and favmorrhagva. Pnrthtr, we ban Utdy 
had the opportunity t'> ejumin« a guinea-pig whole death WM 
aamad bjr anffbeation in an atmosphere of earbon dkudds. In 
dM TfT*"** and longs of this guinea-pig losioiia vera bmnd 
that, io Car as the coogwtion and bamnrrhages are aooMrnad, 
wtn rimilar to thoae dineribed in guinea-pigs dying from a 
•eoood injection of hone aenun. 

We were cspeeiAlly stnieh by the fact that maoroscopie 
eoDgMtlana and bemorrfaacca were freqaently abaent in guinu- 
pifi poJBoned by • imoimI ioiMtian of hone aenim Kino into 
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Finally, this coDgestJon and dilatation of the %'essels ol I 
the abdominal cavity is well kuovra to occur in shock and other I 
states. 

We were unable to confirm Gay and Southard's findingg J 
in regard to the fatty changes. 

It b noticeable that one of the conspicuous lesions of tha I 
serum disease and other reactions to foreign proteins consista ' 
of an angioneurotic tedema. In serum anaphylaxis aa seen in 
the guinea-pig the irritation of the skin and mucous mem- 
branes of the mouth may be of the nature of an angioneurotic 
uedema. One might imagine a localized oedema of this character 
in the ganglia about the respiratory centres to account tor 
the serious symptoms or death. 



PKEDINQ EXPERIMENTS. 

Quinea-pigs may be sensitized by feeding them meat or 

We found that guinea-pigs could be sensitized by feedinffi 
them for some days on horse meat, or dried horse serum, mixed 
with their food. We did not use a stomach-tube, as the pos- 
sibility of making slight wounds in the (Esophageal or gastric 
mucosa would vitiate the feeding experiments, as we know 
from our previous work that very small quantities could readily 
sensitize the animal to a subsequent injection of serum. 

The guinea-pigs that had been fed with borso meat or 
horse serum, after an interval of at least four days, were, 
injected with horse serum and reacted in a cbaracteristlt' 
manner. 

We also found that guinea-pigs could be sensitized to cattle 
serum by feeding them with beef. Cooking the meat entirely 
destroyed its sensitizing properties. 

The fact that ^inea-pigs may be rendered susceptible by 
the feeding of strange protein matter opens an intererting 
question as to whether sensitive guinea-pigs may also be 
poisoned by feeding with the same serum given aft«r a proper 
interval of time. If man can be sensitized in a similar way 
by the eating of certain protein substances, may not this 
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I light OD tboao intcnsting uui oiincure i!aM« in whii*J) tlM" eJtting 
J of BA, MS food, mnd other ariiulea of diet habitonlly cause 
* •oddan and Kimetitiua ierions ■ymptonuT 

MATEBNAL, -nuKBMISSlON. 

In the coune of our work we h«d the opportonttr to te«t 
the muraptibility of the younit of luaoeptible goi&ea-pigi and 
we fouod that bj-perauareptibility to the toxic action of hone 
wniin iM truimnitted from the mother gutnea-pig to her young. 
Tbii functJoD in nol^ly nuteniBl ; the mole take* no part what- 
ever in the tranununfm of these acquired propertira. Whether 
this maternal transmiwion is hereditary or coageoilal cannot 
be definitely rtated. 

We were able l» exclude the milk as a factor to Iraoi- 
mittiDg the byiwrwMeeptibiltty to the toxic action of bone 
■enun by a aeries of "exchange" experimcota. Exchange 
experiment* pofuisl in at (inc« placing guinea-pigs bom of a 
•uaeeptiblc mother to nune with an untreated frmale while, 
in exchange, the young of the untreated female are plaeed to 
nurse with the siMceplible ffmale. From thtao sxchanft 
experiments we learn that the bypenoaceptibility is not tnna- 
Bitted to the young in the milk. 

We alao learned from our eiperimenta that hypenmeepti- 

Ity may be tranamitted from motheT to yoang, whether the 
ia sensitised before or afl«r coocepUon. 

Jf an anaphylactic tendency be transmitted from mother to 
ymtng io man it may explain the severe reaetkm and death that 
■anally lake plane following a first injection of aenun. 

Thaae remlta on the hereditary trannusstoo of Uw aos- 
Ijty to the pcHflODona aetioa of hone aenun in gntne^- 
m^ throw light on th« welt.known inherited tendcney 
losia in children bom of a tuberenlooa parent 

Then are eertaln anakgiea between tb« action of tuber- 
mlodi and hone serom. Both pmdiice faypersensitiveneas and 
•lao a certain dngne of immunity. Nnw that w? have proved 
that thia hypenenaitiveneaB or anaphylactic action in the ease 
«f borae arrum may be transmitted hereditarily in guioea-pigi. 
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may it not throw light upon the ftwt that tuberculosis "i 
in families"! While there are several recorded 
demonstratiiig that immunity to certain infectious > 
may be transmitted from a mother to her young, this iB, wl 
far as we know, the first recorded instance in which hyperaen- 
aitivenesa, or a tendency to a disease, has been experimentally 
shown to be transmitted from a mother to her young. 




IMMnNTTY TO ANAPHYLASIS. ■ 

We showed in our first publication on the subject of ana-l 
phylaxis that guinea-pigs may be actively immunized agtunst 
this phenomenon. At the same time we demonstrated that 
the immimity could not be transferred passively to other 
animals in the blood or body juices. 

Guinea-pigs may be actively immunized in several ways: 
(1) by repeated injections of serum during the period of incu- 
bation, I.e., during the first ten days, before the animal reaches 
the state of hypersusceptibility ; (2) animals that recover from 
a second injection given during the anaphylactic stage are 
at once immune. 

The fact that guinea-pigs cannot be immunized passiTely 
by the transfer of blood or body juices would make it appear 
that the "immune body," if such exists against the toxic action 
of horse serum, is not free in the blood or body juices as is 
the case in diphtheria. In fact, it has been questioned whether 
the active immunity which we have described is an instanoe of 
true immunity, or a "refractory" condition, or even an actual 
return to the normal. 

Subsequent researches have strengthened our belief that 
we are dealing with a true condition of immunity and not a 
prolongation of the period of incubation or a return to the 
normal. Thus, it has been shown that guinea-pigs in the 
"refractory" condition still contain anaphylactin in their 
blood. It is at once evident that they have not returned to their 
normal condition. Further, we have demonstrated that such 
"refractory" female guinea-pigs will transmit this auapfajr- 
lactic substance to thear young. Only the sensitizing sab-^ 
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lUsM paawa Into th« blood of thu forttu, vhioh in therefore in 
ft eonditioQ of hypmeosibility. The " immunizuig Babatsncfi" 
or "eoodiUoo" U not transmitted. 

It wemi lo tu thftt we hnvu here a KtrikinR aoaloKy to that 
phan or kind of iminiuiity which Von f'irqui-t dncribm m 
"■llergie." In other words, wv have an U4»|uired immunity 
BJBociftted with anaphylaxiH. In ([uiiiea-piKH thi)i immunity 
may follow one attiuik of the diaeaae. i.rr., the aenim reaction. 
Aa atatftl by Vou Piniiwt, "allenrie" inauif«t« itaelf by an 
immediate raactioo and correaponda to the condition of immu- 
nHj eoofamd by ao attack of amallpoz or aomo of the other 
aente iofeotiooa proccMes. 

In tha caae of typhflia we have a striking inatance in which 
the riruB is not autoinoenlable. In the aenim reaction in the 
gatDe*-pig an analogoua train of events occurs, for after the 
■enaitisad guloea-pig has rwpoaded the reaction reodera the 
ocfaaism immnne. 

Acnoit or BoasB sntni on mak and arim awihaia 

It may be that oian can not be senaj tired in tiie same way 
that, M we have ahown. ruinea-piga can. We made no boman 
axperimrata, but experimental data are recorded by othnra 
which have a direct bearing on thia question. 

Jb^peatcd Injeetiona of horae ■rnun into man are not an 
infrequent oeeurrenee. Patients lulTerinfc from diphtheria are 
often giren injeirtiiina of antitoxic serum at short and frequent 
intervals. It is also not rare fur perwina to have several attaeka 
of diphtheria at long inten-als and to be treated eaeh time 
with antidiphtheria aenim. 

Certain senims. for example the antitubercle aenun of 
Maragliano or the antirfaeomatie senim of Mennr, an habit- 
oally oaed by tniectiona at Interval* of daya or weeka. 

In all tbiae caaea of frequent or repealed injeettooa the 
anoBBt wfakh baa baen injected and tbe interval between the 
injaatiflna niut be taken into aeeonnt in relation lo this woric. 
Ton PtrqoM and Schick, in their work im S^rumkrankkvil, 
g)v« ai^t inaUncca in whidi ehildren re<ie i wd two injeetiotia 
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of liorse serum at intervals of sixteen to forty-two days betwt 
the first and the second Injections. All these eight cases abar 
this in common, that after the first injection of horse serum tl 
symptoms of the serum disease appear aiter the normal peri( 
of incubation, i.e., between the eighth and the thirteenth daj 
But when the individuals arc again injected with horse sei 
aft«r intervals of sixteen to forty-two days symptoms of t! 
serum disease reappear at once or at leaat within twenty-four 
hours. 

Von Pirquet and Schick give a list of 60 children who were 
injected with antitoxic horse serum at intervals of sis days 
I-o seven and a half 3'ears between the first and the second 
injections. They found that when the second injection waa 
given from fourteen days to four months after the first injec- 
tirai they obtained, with great regularity, what they tenncd 
the "immediate reaction"; but when the interval between the 
first and second injections was over four months they obtained 
little or no immediate reaction but what they termed "an 
accelerated reaction," for the fever, urticaria and other symp- 
toms of the disease appeared on the fifth, sixth, seventh, or 
eighth day. It will be remembered that the normal period 
incubation for the symptoms of the serum disease to appeU' 
after the first injection is between the eighth and the thirteenth 
days. Von Pirquet and Schick lay special stress on the phe- 
nomenon of the "immediate" and the "accelerated" reactions 
following the second injection. 

We might also conclude, despite the suggestion in our work 
on sensitizing guinea-pigs by feeding them with borae serum 
or horw meat, that children are not sensitized to the toxic 
action in horse serum by eating horse meat, from the fact that 
horse meat is a favorite article of diet in certain Europeui 
countries, and that there is nothing on record to show that the 
injection of horse serum in those countries is fraught with 
more danger than where this practice does not obtain. We 
most, however, remember that our work has shown that gainer 
pigs are sensitized with exceedingly minute quantities of the 
Btruige protein, and that repeated injections cause an imma- 
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nity; ind it » ptMJble Uut the tune may be true of feeding. 
Fortfaer, wr hare abown thai cookiog dnAroya the iteDcitiiiDg 
proport)' of tnent. 

Han r«aeta to the fint iojevtian of bone aeram after a 
period of tocubatioD of ciftht to thirtren daj-n. Oainea'piss 
•how practically no rtaction following the tirat injertioa. Botb 
read to a eeeoad injection. Tfav n-ai^iLioDa id man and the 
iruinni'piir, hovreviT. differ brrtb in ■everily and in kind. The 
rrlatian, therrfnre. that our obwr^ationB on the ifuinfa'pig 
may have in its application U> man mtuit await fiirtlirr irtudy. 
Of couFK, the fart that other animabi hntiile mail anil gninea- 
piffi na«t to n woond injection <>f horae scnim would seem to 
indieale thai wi* an- dealinit with oiie and the name n-action. 

It has Iioen abuwn that rahbita react after n^peatiHl injer- 
tiooi, whiob baa also b«^t■D noted in the uae of repeated injeo- 
tioiM of tfas Mmm to man. 

THB RHanOM OP BBtTM AKAPItTLAXn » TUB atTINBA-PUI 
TO MMtTH THBUPT. 
BMrvdka and Hl^-inliardt wire the ftrst lo point init that 
tke Meood injection may be xiveti into the brain of ruinea- 
plga. When a nnall quantily of honie aemm lit injected into 
the brain of a amaitizcd (niin<'«-pifr the Hymplomii appear 
proinptJy and often with Ki^at Tinlrnre, and death ia a eoDinidn 
ramll. 

Bewdka believm that iniraeerebral injeotioos may be oaad 
■■ a meamre of tbe lozidty of therapeutie ■erama. He aUIci 
that, meaauretl in this way. dtffervnt wrnnM ohow a wide gamut 
of totieily, tho fatal d(Me rftr>'ing from '/, to '/,,, of a eiiblc 
rentimetn*. lie ttelievn that this tosieity mides in the nmm 
and nut in Uw eelltilar elentrata-. further, that the Brmm of 
lunea lining under apparvntJy the mune eonilitinn* )uu about 
tba Miiie trrxieily. individual variatitina being rare and of little 
iraportanee. lie mneludm that, in a general way, all iMruma 
which ineite in guioea-pigii grave anaphylaetir pbenowHrna in 
d(MM of OOti'i-'i ti) 0,0^> e.r, and fl prion afaiive this anmont 
rfimild be c»iii)denKl loiic. 



I 
I 



163 



HARVEY SOCIETY 



We doubt whether there is a relation between the toxicity 
of serums as tested on guinea-pigs in this way and their power 
to produce tiie serum disease or collapse or sudden death in 
man. It appears to us that in man the symptoms of the serum 
disease depend partly on the kind of serum and the amount 
used. The unfortunate accidents, such as coUapsa and sudden 
death, depend more on the sensitization of the individual than 
on the so-called toxicity of the serum used. 

Fortunately, we were able to obtain two antidiphtheria 
serums which had been used in two cases followed by suddeaj 
death : 



C*8E I.— Senun No. 2277. Reported by Dr. 6. N. Wiley, Nonis- 
town, Pa. (Jow. Am. Med. Assoc, 1908, i, 137). Mr. E. W., a^ 
34 years, Bpleadid pbyeique, best of health. Propbylactic injection 
of 1000 units antidiphtheric senim. Site of inoculation four inchea 
above Poupart's ligament. WitLiu two minutes had violent symp- 
tomB — anxious expression, itching, burning, labored breathing; lips, 
face and neck swollen and red; paralysis; convulsions. Died within 
five minutes of injection. 

Case II.— Senim No. 2295. Reported by Dr. H. F. Gillettfl, 
Cuba, N. Y. {Jour. Am. Med. Assoc, 1908, i, 40). Mr. B., 52 yetmt 
old. Had asthma and bronohiaJ catarrh. Urine and heart normal. 
Rheumatic attack fifteen yeara ago. Coughed and raJaed plenty of 
sputum. Injection of 2000 units antitoxic serum under left scapula. 
Prickling sensation in neck and chest, labored breathing, pulse ree^ulai^ 
and folL Seized with tonic spasm. Died within five minutes " 
injectioD. 

Prom our experimenta it is plain that the serums which do 
not produce untoward symptoms when injected into man are 
quite as toxic on sensitized guinea-pigs as the serums which, 
have been followed by serious symptoms when injected inl 
man. "We believe that the difference lies in the sosceptibilil 
of the individual and not in the toxicity of the serum. 

It has interested us very much to find that the above t' 
cases, and also others that have come to our notice, were 
asthmatics. In our first publication we suggested that tht: 
essential lesion of serum anaphylaxis is probably localized in 
the respiratory eentr*, and the association of asthma and hyper- 
suaoeptibilily to horse aerum in man would seem to lend wei 
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to Uua bjrpotbecis. Th« knowledge of the fact th«t the injection 
of hone Mmm into muu nUinutics b attended with danpir 
mat be ununderMl in the me of antitoxin. 

AND mNtnnTT pRooucEn bt bactsbul 



We brieve that the problmi of hypenuaeeptibility Im an 
inportaat bouinfr en the (itiMiion of immoDity and beooe we 
hsTW uprewed the opinion that "r««istaiice to dineaae may 
Uifldy be stined throitgh ■ proccH of hj^nnuceptibility. 
Whether thia increaaed aueeeptibitity is an enential element 
or only ooe etave in th« proem of renatanoe to diwaae mtut 
DOW engage oar atteotion." We cannot eecape the ooavictiaD 
that tkk phenomenon of hj^cwuMeptibility has an important 
bearing on the prevention and cure of certain infections proe- 
nme». Our work on the faypenniiiccptibility prodaoMi by the 
hadrriat pnrfMoa rtrength^ns this belief, for oar recent reaalta 
prove that the phenomeaoo of hypemuceptibiltty to certain 
proteid nibatanm cxtrBcted from the bacterial ocU is followed 
by a deflnitr immunity against infration by the eorreapoadlng 
micro-organism. 

Experimental study of the bacterial proteins ia of the 
greateat importance oo arcoont of the practical uses to which 
reaalta along this linr may lead. Tbe relation of tbeae studies 
to the ao-oaUed endotoxins is evident. 

Hypenuaoeptibility may easily be indaeed in guinea-pigs 
with protein extracts obtait»od from tbe bacterial oell. Tte 
first injection of most of the extneta used by as seems com- 
paratively harmlea to the aniBtaL A seoond injection of the 
aanw extract shows, how«Y«r, that profound pbyalologic changes 
have taken plae«. A definite period must alapae between the 
flnt and tbe second in jeetiona. Tbe aymptoina pnaent«d by the 
goinaa-pigs sa a result of tbe se«ond injecbon resemble thoae 
eanaed by horse serum, The p h enomenon indneed by a ■aeood 
injcetion is followed (in oerti^ esaia) bjr an immunity to Mm 
eemeponding infeetioo. 
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These reaiUts strengthen our belief that the phenomenon of 
bypersusceptibiiity has a practical significance in the preven* 
tion and cure of certain infectious processes. It also gives a 
possible explanation of the period of incubation of some of 
the communicable diseases. Is it a coincidence that the period 
of incubation of a number of infectious diseases is about ten 
to fourteen days, which corresponds significantly with the 
time required to sensitize animals with a strange protein! 

In certain infectious diseases with short periods of incuba- 
tion, such as pneumonia, the crisis which commonly appears 
about the teotb day may find a somewhat similar explanation. 
It is evident that disease processes produced by soluble toxins, 
such as diphtheria and tetanus, do not belong to the category 
now under consideration. 

The bypersusceptibiiity produced by the colon and typhoid' 
bacilli was followed by a definite immunity to the correspond- 
ing infection. In case of anthrax, however, immunity does not 
follow bypersusceptibiiity to the anthrax protein. We are not 
dealing, therefore, with a general law applicable to all infec- 
tions, but with certain limitations, as in the case of antitoxia 
immnnity. 

THE HEUlTION OF ANAPHYLAXIS TO THE TOXJIMIAB OF 
PBEGNANCT, 

The symptoms of puerperal eclampsia and the conditiona 
under which it occurs suggest that anaphylaxis may explsda 
some of the mystery of this state. 

It occurred to us that either the blood or prot«in subatanoa 
in solution from the ftptns or the placenta may first aensitiise 
the mother. A subsequent introduction into the system of the 
mother of a similar substance may explain the convulsions and 
the symptoms which occur in a certain class of the toxemias of 
pregnancy. 

There seems to be a fair agreement that the placenta mosfeij 
be the source of the toxic material, especially as typical casMl 
of eclampsia and pernicious vomiting havo been observed 
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patienta with hydatid molt, in whieh rues, of courae, toxie 
matter of fetal oriKin oimld be eliiDiuated. BcHidea, eclamp' 
Kia tOAy appear after the ttxtaa hau been rvmovod. Much 
attentiao was then-fore givca to the bypothcatB elatmrated aboat 
four yean ago by Veit. Wcichardt and others that, through the 
mtraoea of placontal celki into tbe drcubitiuD of Uiis mother, 
an intoiication waa cauaed either by diaintcgntion of the cella 
and the fomation of toxic substances or by ihr d«vtrlopm«nt of 
antiaubstuusea in the maternal orKanism. 

In apil« of much expohmentation and diaeuaaion, however, 
DO aatiafaetory cunclaaiona have yet been readied coDaemiag 
th« validity of thia hypotharis, and Martin ban weured aomo 
very TaloaUe evtdeDoe tliat, at least in nbbita. entranw of 
their own plaoental elementa into the circulation in large 
aaooDta doea not eaiue any aefiotu disturbanoe. 

Along tbeae lioca we nude a number of experimeota to 
deltfrmine whether the fetal blood of the gatnea>pig eould aensi- 
tbe the mother guinea-pig, Wo injected a number of female 
gniliea-plfi, both pnvnant and not pregnant, with fetal blood, 
•od, aft«r an appropriate inter\-aJ. gave them a aKond ioJMtiaa 
of the same material. All thear eiperiuMinta reanlted oegatiTaly, 
which waa antieipated from our ptvvioua atudlaa upon the diect 
of himologooa blood aemntt. Thia ia in bannony with the 
oUnkal obaervatiuoa that tbs p<Hauaa eauitng the toxsmiaa of 
pminan^ do not eanw tnm the bstoa. 

We made a aeriea of ezperimenta oo female guinea-piga with 
Cwinaa pig placental extraeta. The plaeenta (almoat at full 
IMq) waa giuund up and ollowfd to aululyie alwiut an bour at 
neoi tmparaturc and aome of the multiog cxtraict waa in>eeted 
■■IwailMiiiiiialji into female guinea-piga. 

Vton our stodlea it waa evident that the mother guinea-pig 
be smattiaed with the aiitulytie produeta of her own 
placenta. Theae ciponmoota naturally auggcat that then may 
be a cnrtaiu relation between aome eaaaa of puerperal eeUmpeia 
aod the phenomeooa in the gninea-plg wUeh we af« atadyioc- 
Pnrther atndia along thia line are now beinff made. 
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AN EXPLANATION OF THE PEBIOD OF INCUBATION OF CEBTAIM 
INFECTIONS. 

The only plausible explanation of the period of incabation 
of an infectious disease heretofore considered lias been that it 
required a certain time for the infective principle to grow in 
sufficient amount in the body to produce symptoms. Thia 
view is not tenable in many cases. The period of incubation ia. 
many cases is independent of the amount of infection. 

In view of the studies on anaphylaxis we now have a more 
likely explanation of the period of incubation in certain cases. 
If tJie body is sensitized by the foreign protein dissolved out 
of the infecting organism it would require a certain definite 
time before the poisonous effects are felt. This not only 
explains why a certain time must elapse between the intro- 
ductiou of the infection and the onset of the disease, but giTW 
us our first clew to the constancy of the period of inoul 
of certain maladies. 



ANTIBODIES. 



We showed in our first publication in 1906 that the mechan* 
ism of anaphylaxis did not depend on an antibody free in the 
blood serum and body juices, as is the case in diphtheria and 
tetanus. In other words, this phenomenon is not simply a 
neutralization of a soluble poison by a soluble antipoison. 
There are antibodies other than free receptors which are readily 
demonstrable in tntro and in vivo. The definition of an anti- 
body still lacks precision, and the action of these substance! 
is not clearly understood. In this state of our knowledge it 
would be dogmatic to insist that the phenomenon of fayperaua- 
ceptibility depends on the action of an antibody. The indica- 
tions, however, seem to be that we are dealing with auch an 
agent. 

The anaphylactin readily demonstrable in tlie blood of t 
guinea-pig many months after the introduction of a minute 
fraction of a cubic centimetre of horse serum Bubcutaneouiljr, 
can hardly be a portion or "rest" of the original minute amount 
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of fonlBB protein injected. It ■aemi probable that tlu intro- 
duotjoti of the foreign protein vtiinalatiM or oalk fortli tbt 
production of uiBphyliu^tin, which flowH free iu the blood wrom 
in relatiTel; comiderable omountK. There ia cvidenra to indi- 
cate that anaphylactia ia prawnt in the blood serum in amounta 
fr««tar than the amoout of forvifcn protein originally iolro- 
dtwed into the body. 

We havi> ftbown that anapbylacttn in prraent in the blood 
aemni of inimuue fruinea-piKn. Thia iibaerratioD ia very >ig- 
aifieant in thia eounodion. for it indicaln that the eella are 
protoeted dnpite the fact thai they are continually bathed with 
the aeniRi i<onlaininK the aenaitidng prinetplr. Thn readiest 
explanation of thia fono of uelluJar immunity ts the coooeption 
of a Deutralinng aotibody. 

The further fart that bypemiaoepUbiUty, and not immu- 
nity to anaphylaxia, in tranimitted from mother lo young U 
another indication that we arc dealing with an antibody. 

Tanghan, I^ewia, Nicolte, Bflnndka and moat othn*— except 
O^y and Southard — who hare atndicd thia phaae of th4> question 
eooakler an antibody oeMmuy to explain the intimate nature 
of tba 
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rnuTlOX or AHArSTlAZU TU raOTlIN HBTABOUSK. ^^| 

It ia intereatiog to oot« that Ehrlicb'a explanation of anti- ^^| 
toxk immunity waa baaed on a chemi cal eonoepUoo of protein ^H 
awtabnlism. Ehrlich'a haplopbon lide-cbaiiia that aette the ^H 
toxin nolerule havt? the aame or nmilar affinlUea ae thoae that ^H 
aeiie and combine with the protein food moloeule. 

Another frrrat ooixvptiao of Immunity, dereloped by 
Mfftchaihoff. b alw clearly aaoeiated with protein metaboUm 
or eellular digeatloo. 

W« DOW have aoothcr eoaneption uf immunity in nertWD 
infeetioas baaed no the aetioa eauaed by the introduction of a 
foreiga prol«in into the body. Thia view ia alio eloady booiul 
up with the Bubjeet of protein metaboliam. It eaonot but axdt* 
our wonder that the chemiitry of the body abonld be ao ddl- 
eataly balanoed that the intriMJuctiuu of 1/10,000,000 part of a 
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ffranune of foreign protein should be able ao profoondly (o | 
u)flora«« it M to r-emlt in Berioos sympbims vhea injected a 
ucoud time. 

Tile whole problem of protein metabolism seems to be an 
ndjujitnient in the sense of a defenee. The power to assimUata . 
mid line forei^ proteins is not achieved without a eertain i 
iiinount uf violence to the body. The relation between the fnn- I 
damniital fwta of protein metabolism and the immunity to ' 
(wrtttiii diwaxefi l>ecomea clearer in the light of observations 
ii|nin niiK[)hylaxis. Work on both these problems will throw J 
IlKht mi Iht! fundamental processes of each other. 

KKLATION OP ANAPHYLAXIS TO KNO0T0XIN3. 

Tho fact that the great majority of bacteria do not produce 1 
Miliil)li> pdiHOiis Hiicli as diphtheria and tetaous has led to tbft I 
bntii'f lliut. in Riich cases we are dealing with an "endotoxin." I 
1'hn nnditliixiu hnx long been regarded as a poisonous substance I 
NO iittinitilvly nwioeiated with the cell that it is not released until I 
the mli'r«)liio coll ia broken up in the body. The inability to 
ili'iiiiiiinlrnlt' Uuwt endotoxins has cast a doubt ou their ex^iatence 
nriil iiiKii'iwiHl tho my8ter>- of their action. It now seems prob- 
able thnt the Htudiea on anaphylaxis may tlirow light upou thil>H 
iinmttiiiii. 

Wlifii liHott-ria irrow iu the body they are dissolved by lyi 
«l^>lll•ll<H Hiid thi< foreign pr«tein in the individual germ cclL 
Hi«,r witMdiKi tho I«k1.v and afterwards poison it. The bacterid 
ItrotvltVM !«»>■ ittit ho poisonous in themselves in the sense i 
HU "i>>uli>l»»xi»," We havr, in fart, shown that protein extract! 
w( liiU'tvvW <n'Ui m the Knit in>>ction may prodtKe characteriatii 
«yi»|tltMtM. KUil thvs rmotKin ma>' \>e followed by an immtuutl 
l« Hi* twt-va))L)Uit)ne mfwlioo. 

■THV Kri (ThrN »w ^N^irRTUOtS TV TeBXSCLXOBtS. 
' ' ' "ttti n «iiM- of tbe best known inStaneM-^ 

>J " «M\K a l^val iafiwtios with the taberels J 

"' ■ =t»lt> Sksibm hypetsoaeepUbto t 
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) have Bbovn tbnt a \ocfd hyppnnuceplibility raiy 
I b}' the cbrpct npplirDtiuD nf tutR-rrtiliii to wrUtD 
t (conjunctiva). Thi- n&mi- has Im^ii demoujtrated for 
the rithi, and u probably true of other tinun. This hyper- 
maerptlbility of tho limui^ imtnislialcly mrruutidinir a tabfr- 
iniliiiia focus belpa to viicapsulsli* and limit tbe [imoeaH. Should 
a tub(MTl« baciUua loigf in or on a tintn.- in o iitjitr »f tuber- 
culin anapbylaxU the remit ia that all of Nature 'h protecting 
agendea arv i]uickly eoodeiitrated on tlu- point wh<-rc th«y an 
nuat needed. We eiinoeivc that tliia aAtivr fKiwvr uf rt-actiug 
quickly ia not only an important factor in individual prophy- 
laxta against tabcnniloaia, but it ia ooo of the important a{fi>netca 
which prevvat the spread of the diaeaae after it haa olitaioed a 
lodgement in th« body. 

The nofina] iudlvidaal do«8 not ruct to tuberculin. The 

tnberealvus individnal reacts promptly, except In the final stage 

of the dbeaae. The dtfferenee between the normal individual 

•od the t&div^dual in the final stage of tubtreulosia is that the 

former haa not had hia anaphylactie powers developed, wbtla 

the Utter haa had them developed aild eillMlltad. A tuber^ 

individual in whom the apacifie power of hypeima- 

I ecptibility to the poisuiM of liu: tuberrJe bacilltu ia bnikrn down 

[ presenta little or no mnrtanre against the advance of the 

I infection. 

Ve may adduce a pra^'lical Icmod from ihia: Wbeo tuber- 
din ia used in targe nr luo ufl-re|>eated dtNMa there is a 
I tendency to break down or to exhaust the oacful and bcnefleial 
I hyp4>niuan-plihlr atale of the tiMuiw. In areordance with this 
[ lin«> of rvaaoaing, tbcfFfore, tubenmlin would be of benefit in 
tuberculoaia only when uafnl in nuofa a way an to develop and 
not diminifth the power ot anaphylaxia of the tiaauoi. Thia 
dplaaation baa been tmme oul in Ibt! uae of tnbi!milin. 

While all of the views cxpraaed here are baaed on experi- 
mental data, our inlcrpfvtationa of them may not all stand 
the teat of lime. It in evident, however, that studios on the 
■abject of aoaphylaxia give os a broader and deeper indghl 
Into aoait of the diAoult and abstntae probUna ooaaaetad iritli 
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both the recurreuee of and the resistance to disease. 

ject has proved a fruitful field for research. It has more t 

au academic interest. There is hope that a tmal solution of 

the mechanism of anaphylaxis will have a practical applic&tion 

in the treatment and prevention of a number of diseased 

states. 
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THE SIGNIFICANCE OF OSMOTIC ME^ 
BRANES IN HEREDITY* 



PROF. A. B. MACALLUM, Sc.D., LL.D., P.R.S. 

University of Toronto 

THE problem as to the nature of the processes that 
tute osmosis is one that is of paramount importance in 
physiology and biochemistry a:id it is, in consequence, to-day 
receiving a degree of attention which is a measure of the 
appreciation which is accorded to it as a factor in explaining 
some of the fundamental phenomena of life. The problem is, 
however, not confined in its interest to physiologists and bio- 
chemista, for the physicist is attacking it, and the physical 
chemist has, in the last twenty years, with his theories of the 
gaseous condition of substEinces in solulion and of the electro- 
lytic nature of solutions of inorganic compounds, given a 
powerful stimulus to investigation of the problem. Indeed, 
because of the brilliancy of the speeidations of physical chemis- 
try and of their application to physiological and biochemical 
phenomena, the explanation of osmosis offered by the physical 
chemist has attained a vogue that dominates all our ideas about 
its phenomena. 

That, however, we are still far from a generally accepted 
explanation is only too evident from a critical examination 
the literature which has lately appeared on the subject, 
lendar ' in an article recently published refers to the vari( 
explanations now current as (I) the g«s pressure theory, 
the surface tension theory. (U) the association or hydi 
theory, and (4) the vapor tension theory; and he goes on 
point out that probably all these theories possess some element 
of truth and that they may present to some oxt«nt different 

• Lecture delivered December 19, 1908. 
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of the Mme phenomena. Tboogh this vnamerBtion duM 
ool kaeluds all Ihm tlieonn thst an eumnt u to Uie n&ture 
of ttic prueewe* of omuMU it mffices to indiutc huw iiicboate 
are our vwm on ti>e rrnnriimi and lawv inrolved. 

From Uif pbjrHoloirical tidi* lhen> u a tendency to adopt tha 
gaa pmatire theory b> u'rountiag fur all the pbeoomeoa of 
oonoaia nrnplf becauae it funibhvs no acoeptahle an expla n atJoa 
of inaoy facta in phyaical chemistry, although this th«cir>' faila 
ntt«rly to ucuunt for many phvKiulofiieal phenomeua, aa, e.g., 
thv marked dilTereneoi which may obtato between liic oonpoai- 
Uon of the renal lecivtioQ and the blood pUama from allieh 
the kidnf^ elaborate* it. 

It u evident thai the physinlafriat bu not heart) the last 
word from either the ph>'aiHat or the fihynifat cheniiiit od 
oamaaii. and, a> be cannot wait till finality is attaioed on the 
■mbJMl in the other departtomta of Mni-nM, it ii inrambenl no 
to Btimy the faeta ae ba knowa then and. If it i» at all 
poaaifale, to formolate a view explaining and homologiKinfi them 

order that be may not And himaelf in an intfUeeloal I'm- 
Tn face Ihear farta and to draw concluajona from tbrm 
lat will at leaat for the honr prore aeceptiible is better than to 
"Itave the task to the phyaical cbemiitt or the phyairiat who in- 
msUffatea but nne aipeet of the qiustiiiu. It ta farther to he 
aotnl that while the phyatdat and the physiral ehemiat coDcem 
theBaahrei with a very limitt^ part of the quortion the whole 
Tmga of phyaiology romprehmds farta which arv of a wider 
ad more m fn lfl ea nt value than tbooe the physii-k«t and phyaieB] 
dMNsirt 6nd in the inibjeet. In other worda oonoui ia a 
fuDdaneotal factor in the pmeeaMa wboae nmilta aiw the vita) 
pheaomaia we know, and in the pUy of thw fnree, ther* m an 
inflfiita aeries of varialiuDa whioh never appear in the ntem- 
bmoa whiefa the pbysleial and phyiical cheniat employ in their 
iavMrtiffation. It ii perhapa almoat wholly due (o the very 
UiTOW range of the problem as they attack it that the reanlta 
lAleh thay obtain fail to be of eervice in explsioing phyidoloffi- 
•al usHiMii. It ia indeed not aqrpriainff that it should be ao. 
n» flbrwU^ and the physical t^mniri^ have not, aa a rule, an 
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extensive aequnintanee with physiological facts, particuli 
those of animal physiology, and they cannot uoderetand wl 
their explanations of the phenomena may fall short of aceept* 
anee by the physiologist. It is, of course, to be admitted th>t 
such explanations are received in vegetable physiology in which 
the cult of aeini-permeability has prevailed for nearly half a 
eentury and in which the phenomena of osmosis are, super- 
ficially observed, of no wider range than they are in pbyui 
and physical ehemistrj'. 

It is necessary to get back to fundamentals in order to fi 
ourselves from the confusion which has overtaken our ideas on 
osmosis. We must, if we would clearly understand what 
osmosis involves, put aside, for the hour, all the views current 
about permeable and semi-permeable membranes which have 
been advanced during the last forty years and we must en- 
deavor to collate carefully all the facts bearing on the subject 
in order to reach a reasonably certain or safe coneluaion. Thia 
makes it neccBsarj- for us to go back to the observationa and 
conclusions of the earlier investigators of osmosis. 

The phenomena of osmosis have not been known long. The 
first observation, that credited to Nollet, is of as late a date as 
1748. The first observation that attracted any attention, 
however, was that of Parrot,' published some forty years later, 
which was made with a glass cylinder completely filled with 
alcohol, the mouth of which was closed with a bit of bladder 
membrane and the whole inverted in a dish of water. The 
water passed through the membrane, thus increasing the volume 
of fluid in the cylinder and consequently distending the mem- 
brane, from which on its being pricked with a needle a tl 
column of water and alcohol spurted several feet high. 

Dutrochet and Magendie were the next to study the pheD< 
ena of oamosis and their firat observations were published 
1826. Dntrochet* who introduced the expressions endosmi 
and exoKmosia. continued during the eight following years 
investigations of the subject and in all his ejcperiments employed 
the apparatus which we still know as the endosmometer. With 
thii he delennined when two flaida of different composition srt 
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I by K in«nibnui« in which direction thv cturcnt pro- 
oeedn through the •rptiim uiH (or this pari>0Mi> he vartMl the 
composition of Htbitr fluid nnt only c|uantitativcl,v but also 
quAlitstirdj'. Ai ■ nwult he Mttsblisbrd not n fi^w of th« facts 
of osmoni now koown, auch. for exsmplp. an that the current 
is s doable oae, thst is, thst there sn- twii i-iuTcnU in opposite 
dirsctions stid that the li'mpefBture of thii fluid influences sp- 
preciably ihia mnilt. but he Hpecis]ly noted atM>, iind this par- 
tiirularly in hia last publnration <>n the siibjent, tlist the com- 
positinu of the niefobrane has a very iinportjuit effect id 
determining not only what may piun through the membrwu 
but also the direction of the predominant current. 

Tbeae latter olaervations ut Uutrochet have b<wn orvrlookud 
in all the subsequrnt refrreocvs to the lit^nwture of the subject. 
and as they are of fundamentjU signifleanee it may be of service 
to rvoall s few of them. 

OutrcelMt found that when an animal membraite is usod tu 
Mpanle ao acid aolutioo from pure water the current la from 
the fomer lo the latter, but when a vetretable m<*mbnin« is em- 
plo^sd, a*, for example. Die shell of the bUilder-out (CoI«(«a 
mrboreaetiu) or a lanre membranous leaf of the bulb of the l«ek 
{AUimrn porrumt), the direction of the current was revened, 
thai is, it was from the wat)-r to the aciiL Again, with animal 
and vegvtable membranes separating water and aU-obol the 
irater paaed through to the alcohol, but with a Diembrano made 
from light ailk (taffeta) faeed or impn>gniite«l with rubber the 
predominant current was to the opposite dirertion. Water did 
pna thraogh the membrane, but only in wnall <|uantities. In 
tUa flconeetioa be pointed out that rubber i% not permeable to 
wstar tbooi^ tt ia pemMabl* to aleobol. and Ihia. be bHd. es- 
plaiDS the rvrersal of the eorrent and the penetration of water 
bl the preacDce of alcohol, for the latter. pfnetmtinK the rubber 
OMnbraoc, attracts the water to the molM'ular intenrllces which 
an DOt acpcMble to the water alon*-. anil this hrinn aboal the 
paasage through the membrane of minutj> itiianlitin of water. 

That these appeaird to Dutrochct oa cardinal points in 
?mm4 may be gatbarsd frmn th^i fact that hia last paper doaaa 
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with a statement emphaaizing the importance of the compositiai 
of the membrane aa the sole factor in determining c 

Dutrochet noted also the curious point that when oxa] 
acid or tartaric acid in solutioa is contained in the endosmom 
ter the diffusion current instead of parsing through the mem- " 
brane to the acid goes in the opposite direction and in conse- 
quence the pressure becomes negative. 

Briicke * followed Dutrochet in 1841 and confirmed many of 
the latter'a observations and particularly those based on the 
differences in the composition of the membrane as modifying 
or reversing the direction of the predominant current. Later* 
he corroborated Dutrochet 's observations on the occurrence of a 
double current in osmosis, repeated his experiments with alcohol 
and water separated by bladder membrane and by rubber septa, 
and accepted Dutrochet 's explanation of the results, although 
he has been credited by subsequent writers on the subject of 
osmosis as postulating a system of pores in the membrane 
through which the diffusion obtains. 

It is curious to note that Briicke, a quarter of a century l»e- 
fore Traube. was the 6rst to perform an osmotic experiment 
with a precipitation membrane. One experiment made by him 
is worthy of description here. He closed one end of a glaaa 
cylinder with a piece of bladder, lowered the closed end into 
a concentrated solution of lead acetate, and after the memhrene 
became saturated with the lead salt poured iuto the cylinder 
a saturated solution of potassium bichromate diluted with one- 
third of its volume of water. There developed at once a pre- 
cipitate of chromate of lead in the membrane, but both fluids 
remained quite clear. To demonstrate that the membrane waa 
still permeable, sugar was added to the lead solution with the 
result that for several days afterwards its volume increaaed 
at the expense of the volume of the bichromate solution. There 
passed from the latter only pure water or water containing 
traces only of potassium acetate. If the position of the Huids 
aa regards the membrane were reversed, the lead salt aolntion 
now being inside the cylinder, the addition of sugar to the 
bichromate solution caused a morement of water from the l«id 
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ult «>lation to the btchroaaftte nlutioo. All ibc renilti ahomd 
tlut the nwiiibrmne wm pemBablr to w«t«r id either diraotioo, 
yel Dot to the iialtft, but Briicke did not detcnnine wbtther i&y 
of the ■Difu* ms truufernMl throuftti it. 

KunehDcr* Bummarized the reiulta of on extencivB wrui 
of eiperimcDts, made Dot only with liquids but alao with fUM, 
to the effect that it ■■ th<- motiture in the membrane which d»- 
tenntiMs the diffuaion tltrougb it of loltitM or solveDta on either 
lide of it tad that the iiub«tuo«, whether itnlute or aolvent, or 
both, diffiiae throuffh the membnme because tbi>)- mix or vom- 
binn with (be fluid moiateniug the membrane. The strength 
of the currenu ruies aeoordiog ■> the affinity of the fluids for 
tb« snbstuioe of the membrwie varin. 

Uebis ' altribiited osmoMa to ditfuakm. Membraitea ahnrb 
dUfereot quantities of various Raids. If then a membrane 
■eparaici two fluids it will unite with them and in oonteqaenee, 
in the ease of alcohol and water, the aleohol whieh batbea one of 
its fact* will n-move by diffusion some water with whidi It wUI 
Dot be Hliirated, au that it will absorb a further iiuantitjr 
whleh will be mDOved in its turn and thoa witl be eatabliahed 
a rturant from watar to alrohol. A like riTwt ia produced bjr 
tha aleohol on the water, but as the ntembraDe abaoria the 
•leahol noTB actively thjui the wat4Y the eurr«at of wal«r to the 
alaohol will be more rapid than that from the aleohol to the 
water. 

Qraham,* who waa the Ant In introduee the iii|iiiasiim 
oaDOsis. as the remit of his obserrationa rame to the eooolnaieo 
that a ebanice in the membrane ia a oonditJon indtspenaabit to 
the ocpurTpnrp of oamoahL Aeoordintf to bia view one of the 
faeca of the membrane ia aeid, the other baaie. Thb rastdla (n 
a etmtiDDal (>han|tv in the eonpoaltlon of the membrane. When 
the aeptom separates pure water from a solution of ao aeid 
•r of a baae the water plays the n'lle of baae in one case and of 
aeid in the other. In every caan the flow nf fluid is towards the 
ba^ aide of the membrane and this augitniled to Oraham an 
analofy with eleetrieal endoamnais in whieh water follows 
hrdrogen and alkali in the direetioo of the eketrieal euncnt 
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With this explaaation he met the difficulty presented 
results obtaiued by Dutrochet with oxalic acid aad tartaric arid. 
These when in solution give a negative pressure, tJiat is, they 
diffuse more readily through animal inembranes into pure 
water than the latter does in the opposite direction even though 
it is under greater pressure. This phenomenon Graham named 
negative osmosis. He found it obtained with solutions of citric 
acid and hydrochloric acid, as well us with the two acids already 
mentioned, and it obtained also with the chlorides nf gold, tin, 
and platinum and with nitrate of magnesium. 

It is rather curious to note here in passing that in his 
elaboration of his theory of osmosis Graham" foreshadowed 
the hydrate theory of solutions of to-day and also anticipated 
in a measure the hydrone form of it advanced by Armstrong. 

Lhermite '" substituted for membranous septa between two 
fluids a liquid in which both fluids are soluble but in different 
degrees, the two fluids also being soluble in each other. Thus, 
when in a cylinder water is first, added, then turpentine, and 
finally alcohol, the layer of turpentine separating the two other 
fluids is capable of dissolving in itself quantities of cither and 
thus an exchange between the water and alcohul tatc&s plat 
Am the alcohol is much more soluble in turpentine than ia UiS' 
water the alcohol will eventTially be found in the wfltcr. and the 
layer of turpentine wilt be on the surface. If caator oil is Hut 
separating liquid the same result is obtained. 

The part played by membranous septa, according to Lher- 
mite, is none other than tliat illustrated by the liquid aepto. 
The membrane has an afllnily for one or both of the fluids or 
their solutes, that is. the fluids, or their solutes, or both, an 
soluble in the membrane, but in different degrees, and in conse- 
quence a preponderating current is set up in one direction. 
Lhermite described a striking experiment eonflrminn the view 
that osmosis is based chiefly on solubility in the membrane. Aa 
is well imown, when a poreus poreelain septum separates alcohol 
and water the osmotic current ia from the water to the alcohol. 
Lhermite impregnated the wall of a porous porcelain veasel 
with castor oil, poured water therein, and placed the vonl in 
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alcohol Tbe (-unvtit then paaed from the oleobul to the 
WBtor n« espl«io«d the remit by pointing oat that iqitcr ia 
not, Init alcohol is, Boliible in cutor oil and tfaiu tlie oloobol 
c«a set through to mingle with the water but the latter ciimot 
tronsrene the oil. In oonMqneiioe the direetion of the curreat 
woa reverard. 

PnwMt *' shortly after the pohUeoliun of the earlinrt of the 
reenlte of Dutrochet's etadiea odranoed the view, booed OD 
piirelj- theoretical grounds, that the phenomenii of oemoida con 
be eiploioed ae dae to capillarity. Operating in and throngb 
the pore* ond eopiUory po«ogta of the membrane, the oapiUary 
ottraotioo diffen on the two foaeo of the membrane owing to 
differenwt in eonpoaition of the two llnida and. In oonoeqaence, 
the greater current would poai from that faee where the eapil- 
larity M greater to that where it b tcH. This otplanathm, 
■OBOpled by Mogniu " and Fiacher,'" was rejected by Diitnwbet 
■ad Qrahon, bat Lhermite accepteil it as a tnroe to oenoeis 
oopplonanting the dimolriog power of the membrane. 

The diaeoMion of the nature of pmceaws inToIrn) in osmosis 
aMomed quite a diffetrat character after thL* publicatioo of the 
rooults of the observations of U. Trsiibe end PfelTfr on prreipi- 
lation membranes, and as than results hove pmved to be of im- 
portance far beyond the sifrniflrann- sttrilnili-d to them at the 
tijnc by these investigators thi> datra of their puhlicjulitn, Ift67 
and 1B77, bive marked oat so striking on epoob in the history 
of the lubjert thai it has prsetinOly led to on ignoring of the 
work of earlier authuni. This has hod the nnfortnnote reonlt 
that some of the previously oaoertoined fscts, t.g., of Dutroobet, 
Brfleke, KfiraeluMr, and Lbermite bare been again pat on 
rseord aa if they had not been prerinoily kncFwo. Hod thoae 
foeta becD odeqtuUely known to sotne of the loter Investigatom 
It is doabtfnl if a number of the current eonoepis of osmosis 
and particularly that of the mMnbrane as a sieve-like itnielure 
woold »ver hove been odvaneed. 

One of the coneepts which the work of the later inveotigators 
has rendered pramlneot is that of the serai permeable mem- 
braoe. and in oil the speeolations of the lost tbiriy yr-an 
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subject of oemoais it has occupied a central point, so that i 

' become almost a commonplace in physiological text-books 
and treatises. 

This concept postulates a diaphragm which is freely per- 
meable to water but not to any substance dissolved in it. If, 
for instance, sugar is the solute, the membrane will not permit 
it to pass through to the other compartment but the water of 
the latter passes through to dilute the solvent of the sugar. 
The membrane in this instance is so constituted as to retard 
completely the passage of the molecules of the solute but not 
those of the solvent. 

Traube attributed the permeability to the magnitude of the J 
interstitial spaces between the molecular aggregates forming 
the precipitate membrane being such as to allow the moleculei 
of the permeating substance to pass readily, but the diameter 
of these spaces he believed to be less than the diameter of a 
molecule of either of the solutes going to form the precipitat«, 
while Pfeffer freely recognized that permeability involved ira 
bibition of the membrane by the permeating substance (1) either 
passing into and through the molecular interstices or (2) dis- 
solving in the molecules of the precipitate membrane, thus 
finding its way through the latter. His explanation has, how- 
ever, been ignored in the development of the theory of the 
gaseous condition of solutes in relation to osmosis for it has been 
generally assumed that the membrane is a passive structure 
fashioned more or less like a sieve.* That this is a correct 
representation of the view current amongst not only the adheI^■ 
ents of the gas pressure theory of osmosis hut ako others, in- 
cluding physicists, may be gathered from the fact that in tbi 
last ten years it has been specially remarked by various invest 
gators (Barlow, Plusin, Nemst, and others) that solubilitj^ t 
the substance of the membrane itself is a factor in osmoais. 

The concept of a semi- permeable septum first acquired i 
portance from the results of Traube 's observations" 

* See on thia Hober, Physikalische chemie der Zellti und < 
Q«web«, Zweite Aufl., p. 106. 
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bruM forawd of two nibBtutc«« in Boliition iaterscting ao M 
to form B prvHpitatc ileriTsUe froni both. A typical example 
of uieb I tnembnuie may be obtainwl id the niaancr deacrtbed 
by bim. A pim» ot (fl»m txMng aNnit nix or more inchea in 
length, op«n at oaf end but rorerafl at tbe other by a piece of 
rubber tubing mmpreMrd with a clip, is taken and into thin ia 
drawn a few dmpa of a 2J per wnL Molulinn of cnprie acetate. 
Tbe open end ia now lowered into a test-tube otmtaininfc a ()uaD> 
tity of a 3.4 per cent, wolultno of potJUKie ferrocyanide. The 
liquid in the iooer lube ia, by ahiftinK tbe pmnure on the rub- 
ber tubinit, made to form a plane mirfaee at tlie mouth of tbe 
tube and euprie ferrocyanide n depouled there as a fine trans- 
parenl flim whieh eliMes the opuninft. Thb lilm or membrane 
prevent* tbe diifiMion of the eupper luUt downwards and of the 
potaasiam ferrocyanide upwards, as shown by Uw faets that 
the nipric ferroeyanide doea not occur above or below tbe film 
and thai the film reraaiua for a ecinsiderahle tinu tnunparaot 
and of very ^reat tenuity but yet of snfllelMit dannty aod 
Crsin lo pment aither salt paMlni; ihrouirh it. 

ThMl water, bowerer, doea paaa thmu^ soeb a membntui 
eaa bt JiiKiMtl atwj by Nbowinic that the refractive index 
of the lolution in the immediate neighborhood of the (Qm ia 
ia e tmmi. thin indicaiinir that Uw eooeMitrmtHm of the aotute 
ii inenaaed at that point, or it may be demooatratod by placing 
a crystal of the chloride or sulphate of copper in a moderately 
oooeentrated solottcn of potaMum ferrocyanide. In this latter 
eaiw them in formed a pmipilaUi of ruprie ferrocyanide in the 
form af a m«mbnuie about the crystal which disteuda credually, 
obvioudy only by ihe penetration of water alone, for the di»- 
tenboB may raault in a rapture and then there eaeapea a drop 
of flODoentnUed aolnlion of chloride or anipbate of mpper. which 
is eootaet with tbe external fluid irivea a new precipitate ro- 
pairing and thna cloelnc the rupttm in tbe original membrane. 

IThroai^ thia alao the water pnanea and diirtention cnntinuM 
tfU the oaraotie prcvure inside and outside is the same 
Thcaa filras are, however, sn delicate and so easily ruptured 
Ihal thejr miaot be nude to furnish data which would enahLe 
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us to determine the pressure exercised by the dissolved sub- I 



Pfeffer'* met the difficulty which they present by causing 
the precipitate of cupric ferrocyanide to be deposited in the 
walls of unglazed porous earthenware or porcelain vessels. 
This he succeeded in doing by pouring one of the solutions, 
e.g., the cupric sulphate, into the porous vessel, which was then 
placed in the other solution. The two solutions diffused through 
the pores of the wall of the vessel and met, forming a precipitate 
film which, owing to the firm support afforded by the wall, 
could not be displaced. After washing away and dissolving 
out all traces of the two solutions the porous pot was made to 
serve as a membrane to determine the pressure exercised by 
dissolved substances. This was done by putting into the porous 
receptacle some of the solution which required to be examined 
and closing the vessel with a firmly fitting stopper through 
which penetrated a manometer connection to indicate the pres- 
sure. When the vessel is placed in distilled water the lattar 
passes through the wall of the porcelain tube and as there 
is apparently no corresponding movement in the opposite 
direction the pressure inside rises and is registered by ths J 
manometer. ' 

With such membranes Pfeffer obtained some striking results, 
but the chief one was that the pressure was found to be de- 
pendent on the strength of the solution, being almost propor- 
tional to the concentration in the ease of organic solutes like 
oane-Bugar and dextrose and also in proportion to the rise of 
temperature, but in the case of salts the results were not so 
constant. 

Pfeffer did not account for the causation of his results a 
it was van't Hoff who was the first to offer an explanation a 
them. This explanation practically embodies the now well 
known theory of the gas nature of solutions, which is acoept«dl 
widely as a cardinal principle of physical chemistry. 

Pfeffer in postulating the existence of a semi-permeablA 4 
membrane was obviously led by a desire to explain how it hap- J 
pens that the living call and, pardcuiuly, the vegetable < 
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plwwd la aqoeoiia media mainUiiu iu norttut turgor due to ■ 
high hydrostatic praasure and at tbu wiae time rrtains all its 
organic conatituentu, drxtrtjvf for examplr. Th« facta then 
known apparently indicaled the eststencr of a mombruie 
whifih aJlownl water and nlta to enirr tb« «cll but not the 
organic oDcteota to eseaptt Buch a nwmbraoe implied a semi' 
permeable character. 

Tbsre are, of eoune, physical phenomena which might in 
thaoisalres have BUggart«d a patmJIel explanation, anil one of 
tboae is manifest in the action of palladium on hydrogen." At 
ordinarr temperattra paUadinm absorbs hydrogen but gives 
It up acain wbon heated in raaio to tanparatures above 100' C. 
PaUadiam doca not ao act towarda any other gna aod in eooae- 
qoBOM at about 200* C. it can be constituted m a membrane 
pann — ble of course to hydrogen but unpermeable to oarbou 
nuoozide, cartmo dioxide, or nitrogen. 

If any of these gases be contained in a palladium tube sur< 
rounded with hydrogen the latter will paas thmigh the palla- 
diom and eaose an tnereaae in prenmre in thi< tube equal to 90 
par eei|t or morv of that of the external hydrogen. 

Aoeording to Richard»n. Nicol, and I'ameli '* platiniun 
al» aala lHu palladium. The hydrogen, aa may be gatbared 
from the observmtiona uf Uoitaema," Krakau,'* and others, 
ia abaoffwd not in the molecular but in the atomic condition ; 
it snlem aa a aolute is the metal and it does not form a eoU' 
pound with the latter. The palladium, from this, would appear 
to disBolve readily the small quantity of the tontaed hydrogan 
tad to liberate it as H, in the interior of the tube. Aa the 
■BMnut of disMciated (itmixad) hydrogen aa compared with 
that in th« molecular eondition must at any moment be vary 
minnta it is obviona that palladium is extremely re<eeptive as a 
iolvent of ioniied hydrogen, and thin actixity lh«'n-f<tre eonsti- 
tolflS a very important faolor to the Kxchaoge of hydrogen 
betwasn ita two aor&eea. Aeoordingly the concept of the 
paliadiom sa a sievs muat be aet aside. 

Evan, howavar. wbaa m ira daaling with pmeipitate mem- 
fartoaa we most diaeaid tba aim axpUutioo and attribute 
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selective activity to such septa. Bartow " has pointed out tl 
the ferrocyanide membrane, under mechanical pressure, ia mora 
readily permeable to alcohol than it is to water, that is, the 
larger molecules pass through more readily than the smaller. 
He found also, as did Dutrochet, Briicke, and others before him, 
that when gutta percha membrane separated pure alcohol and 
pure water the alcohol passed through to the water, the reverse 
of what happens when a copper ferrocyanide membrane is used. 
Pringsheim " by vaoTug this method of forming the precipi- 
tated membrane, obtained some interesting resultij. He took a 
U-shaped tube into which he poured enough liquefied gelatin 
to fill the bottom and lower portion of each limb of the tube. 
On this "setting" he poured into one limb, a solution of 
potassic ferrocyanide and into the other a solution of sulphate 
of copper. The two solutions diffused into the gelatin and 
towards each other, forming where they met a regular con- 
tinuous well -supported membrane. From his experiments with 
this membrane he concluded that its permeability does not 
depend on its chemical nature but on the concentration of the 
salts contributing to its formation. If the cupric siUpbato 
is in excess the membrane formed is permeable to it alone, but 
if the potassium ferrocyanide is in excess the membrane ia 
permeable only to this salt. It is. however, not the size of the 
molecules which determines whether they shall go through the 
membrane, it is rather more or less the affinity of the dissolved 
substances for the material constituting the membrane that is 
the deciding factor. 

It must not be overlooked that the term semi-permeable haa 
been applied to membranes other than the precipitated ones. 
An instance is that of Nernst." He used pig's bladder to 
separate a saturated solution of water in ether from a (luantity 
of the same solution in which, however, benzine was diiiBol< 
The membrane allows the ether-water to pass through it 
keeps back the benzine. Another example of a so-called 
permeable septum differing from the precipitnte* is that of 
Raoult," who employed a rubber membrane to separate ether 
aod a solntioo of ether in methyl-alcohol. In this ez) 
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tile etiier but not thi> lUcoliol puowd throuKfa the membruin. 
A tike ■epttun wu emplored by I-*)iuia who foand that it wu 
pemeable" to CArbon bimilphidr, fhlumform, tolnoi, ether, 
aod every orfranic fluid which dinotves caoutcfaonc. The veloe- 
itj, howerpr. of th« difftmion thninith tbc mcmbnuie vari«] 
dirwtly acpording to tfap »oliihi]ity of the diffimiiiR oom- 
poaod in the rubber. All thaw reniltii diMlinctly paint to an 
Mitjoo OD the part of the mrnibran^ whi<-h ta not ordinarily 
poBtaUted in tho Brmi-p^rmnhlc nt'mbnuie of the phymtnU 
Th«* rubber disK>lv« tbe "permeatiag" mbslUMn 
and. in ihf rase of the pig'a bladder uanl by Xemxt, the lab- 
■tance of the bladder membrane diiwolTca the water-ether iK>lil> 
tion bat d»ea not dlaKilve the benzine, and henee the lallrr ia 
held bielL 

It ia obriom that if thb view i« eorrect the currently re- 
ceive explanation of onnocw is defeetire.* Thia postnlatea 
that the Milati^ ia in a state of (oa. the mntecnlM and tb« di*- 
■odated ions of which bombard the membrane and the frw 
anrfaee of the mlntiou, and thia bombardment tenda to extend 
the limita of the solution, whieh ran only happen if the mem- 
brane permit* the mnlreulea or lona of the •'Irent in the other 
eompartiDent to paai throofb it. Thia theory leavea out of 

* The dUBnilty in the way at a«optinc whaUy the m IhMny 
«C ariartoBa bM not bam Iwi M iid by aoaoa af Um rvatta of Um iafMtf- 
r tlia but thna yeank. Mnne aail fnmtr 
n, xzxiv, 1), wnifcttiK with prmpilat* mam- 
I thai in Iba aaw of aoiuntrateil mliilioiwi of eaae 
, 34Z32 Ob. in JOOO Qm. nf watar, that i>, 2S3.45 Gm. ia 

, T eolatioat the pnMore fimoil la out of pmpartinn lo the 

^MMMHrtratko, that, for butaoM, the 888^ (ha. ia a Utra of lolatiBa 
miaail a pnanra wfaiah aaoardiBC to the thaovy abodd ba axaretsad 
mIj by M3J& Om. ia 1000 &e. of the aotatlan at the aaina tampMattu*. 
UH BnUay and Harth {rhO. Trmrna., 10OS. eerl. 4S1). aLi arinc 
pnalphaCa BMnbraaev, foand to Iha aaaa of eaiia-anidar, d »rti w» 
and jila rt caa Ibat wfaila dilot* aolotkias fa*« pnaaniaa earTwpoodinc 
la iCa Boyla'AtMadrn law, mBOMilralNl wdalinna pivp pi— af 
wIMy drpaitinf mm it. Failbar, KaM*nb«nt iJi^irm. af PU^me^ 
CAmh ItOfl^ n, 141), aaiiif nbbv laeaibraiMa wiUi ? aalntion of 
eana laaar and nt IlllUBai cUnnilf ia pjrriillor. fnond llud tlia taller 
lata a Uttla taoi* than half the pnaaan aUaiiMiI with tba raai 
whila aMordiof to tbaory both aMaliona riwold |pr« Ibe aaiaa pi 
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account activity on the part of the substance of the septum • 
and yet Buch activity may be the only factor in such osmosis, 
as it certainly is in the case of hydrogen diffusing through 
palladium into a medium of nitrogen. Here the bombardment 
would be absolutely ineffective if the palladium did not dis- 
solve the ionized hydrogen. Even in ordinary aqueous solutions 
this bombardment must be ineffective, for it has been estimated 
by Nemst that to drive one gramme of urea through water at 
the rate of 1 cm. a second a pressure is required equivalent 
40,000 tons weight, and yet in a gramme-molecular solution of! 
urea the pressure according to the gas theory of solution 
22.4 atmospheres or about 336 pounds to the square inch. 

The difficulty of accounting for some of the phenomens 
of osmosis on the current conception of a semi-permeable mem- 
brane and the gaseous condition of the solute has led a number 
of physicists and physiologists to reject both as quite inadequate 
and unsatisfactory. laidor Traube " advanced the view that all 
the phenomena of osmosis are due to difference in surface tension 
on opposite sides of the septum, the difference determining the 
direction and velocity of the osmotic current, the direction being 
towards the liquid having the greater surface tension. He 
claims, however, that "the difference between the surface t*ii- 
sions can not be considered as equal to the osmotic pressore 
for this new pressure ia quite different for isomotic solutions." 

More recently in a long paper " containing the results of 
experiments bearing on the point he has restated his view "that 
the osmotic and capillary relations of solution, without excep- 
tion, run parallel," and further that substances, like inorganic 
salts, which increase surface tension do not permeate cells, 
while those which lower surface tension do, and the more so 
the greater the molecular depression of surface tension thi 
produce. In consequence the number of particles ("Tcilchen'.' 
of the solute is not the only factor in osmosis as postulated 

" Kax RololT, for instance, in Koranyi and Richter's ' 
katiteht Chrmie und Mediiin" (pp. 143-41 asMrts tliat the membi 
has upon the distribution of the 8otut«« or the solveate '" 
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the theory of vao't Hoff, nnee lh« energy ("llaftdruck") in 
tba form of mrfue tension which the diasolvnl molecalea and 
Mm develop hi the solution in en important eliuuent in the 
phenomena. It is only when this energy is equal on both sides 
of the nrnnbrsne that one can, in the case where the two sola- 
tions contain like numbers of particles, speak of eqatlibrium in 
osmotio praaure. 

Thst surfan* teninoo is the cause of osmociB is also the vi»w 
of Bstelli and Slefanini ** who, however, hold that rhe current 
do«s not nsewirily move towtrd tb« fluid having the higher 
mrtmot lanahm but always in mdi a direction as to make the 
mrfam taniioos on both sides of the septum th« same.** Bar- 
low foond in some of his ei:perimentB that the carrent passed 
from the WMker solution, that is from the one having the 
grmler anrfaee tension, to the more coaeentrated solution and, 
tbenfore, ha does not support Trsnbe'a view. He suggeats 
that the niliiimilij factor in oamosis is "that the nrmbrtne 
noat abnrb that liquid which in going through, forma the 



Pluiin " also criticises the eooeJuiiioDi of BateUI and 
Btefaoioi and denies as contrary to facts, that the direction 
and force of the eummt in osnosis depends only on the vsria- 
tion in the surfaee tensioiiB of the liquids and not at all oq 
the nature of the mambrine. In support of this be refers to 
the different resulta when aleohnl and water are separated inotw 
*^*** by pig's bladder, in aootber by a rubber septom. H« 
pmnta out also that when eqnimoleeular aolotjons of salieine 
■ad oane^cugar are aeparsted by a pndpibite membrane of 
eitprio teroeyiaide of a duiwiter unpenbeahla to both eolutes 
tbagr renain In eqaiUbrinm alUioagh, aeeording to the Italian 
otiMrvef*, salieine lessens and eaDS-angar inertaaes surfaee ton- 
aioa. Further in the case of negative oamoma flnrt ofaaerved by 
I>iitrochet and studied by Graham, aa axempUAsd In aqueous 
aolntioos of tartaric acid separated from pore water by pig's 
Uaddsr. the add solotion whieh has ths lower surface tenaioo 
flowi tbroogb the uembrane to the floid which has the bi^ar 
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That surface tension does play a very considerable part i 
osmosis, may be found on consideration of some elementary 
facts in connection with solution. In every vessel holding a 
fluid there are two tensions, one at the free surface, the other 
where the liquid is in contact with the wall of the vessel. 
Whenever the former increases the latter diminishes. It has 
been observed that for most salt solutions the tension at th« 
free surface is greater than in the case of distilled water. 
Hence the other tension in such salt solutions, that between the 
liquid and the wall, must be decreased, and in consequence the 
layer of liquid in contact with the wall will become richer in 
Bait than the rest of the solution." When the solution moves 
through capillary tubes along a filter or upwards through finely 
divided quartz the salt will collect on the capillary walla, on 
the fibres of the filter, or on the particles of quartz, and the 
current, as it ascends, will become more and more dilut« until 
finally it is distilled water. J. J. Thomson and Monckmui 
filtered potassium perma]iganat« from its solution by passing 
it through finely divided silica and a similar separation may be 
obtained by allowing dilute permanganate solutions to difTuse 
into filter paper. Perhaps the most striking illustration of this 
phenomenon may be obtained by suspending long strips of filter 
paper so as merely to dip into a solution of copper acetate. In 
a few minutes the fluid runs up several inches but the upper 
half-inch or inch of the moistened portion does not contain 
a trace of the copper solution, as may be shown by treatmant 
with potassium ferrocyanide solution or ammonium sulphide. 

When, in consequence, a septum is in contact with a aola- 
tion whose surface tension at the air contact is high, the solute 
irill tend to condense on the surface of the septum while tha 
solvent will diffuse through from the other compartment to 
dilute the concentrated fluid. This would cause the retention a 
Buch substances as sugar and urea, which lower surface tensioi 
at the air contact, while permitting their solvent to diffuse. 

It must be admitted that surface tension is not a f 
sufficient to explain all the phenomena of osmosis, and especial 
those manifested in cellular absorption and diffusion. It 1 
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the abtorptioD of ooUoidi tn the inteititie, the 
! of f&tB uid proleinii through the eodothdUl liotDg 
of MpUUriH cod th« diifuaioo through living membrKuaa of 
I irhieh n sot io solatioo hot rather in mipoinoD M 
The diScolty of uplainiag theae and the ioadequaoy 
in thk rwp«ct of the eoneepte deriTed from the Mmi-pentHMbl* 
tnembrue h«Te promoted in rvcent yean rtvivwl of the old 
doctrine of vitaluuo i» « dixtlnct force ooncemed io the ex- 
ehange of miteriel through the eepta formed by living eells. 
To Nocept eo hypotheeia poetnlaliug the exiatence of a biotie 
or vital force diatioct from the pbfneal or chemical fitfoci 
that we know and can examine, ia, 1 think, to despair of an 
iBlelUgihle aolution of the problem, and it docs not aeem jnati- 
Oable Bi ret to adopt that attitude, the mora ao ainoe the range 
of facta bearing on the problem baa been raceotly ffreaUy 



Overton," who baa inveatigatcd at great length the veloeitjr 
with which ehemieal cmapoonda dtffuae into living celli, bae 
formnhited mticlnaiona which aaMeiate tfaia diffunon with the 
ao-ealled dietributioa eoeffieieot. By this term b meant the eon- 
ataot relatian in which a aubetanee independent of ita quantity 
at a definite t e m peratare diatribntcs itaelf between two different 
aolvanta whkh are in eoataeL An example of auch a nibatanee 
la aoeelnle add, which haa a diatribution coeffiehtnt betwenu 
flthar and water of 5.2, that ia 5.2 timca ■> much of the aeid 
d ia olvea in the ether aa ia taken by the water. 

Overton found that in general vahoua eompoonda pan 
I tkno^ nwmbranea the more salable they are in each aahatanaa* 
■ aa lata^ ebolaaterin, leeithtn, ete., and he bolda in ounsequenee 
that th«M! lipoid bodiea in oella are the eaoae of the difftinan 
into the latter of varioua tipaid-euluble aobstanee^ and further, 
that the nugnitndtt of the distribution coeAcient between fat, 
lecithin, and choleaterin on the uoe hand and water 00 the 
otiwr detenainm the veloeity of oamoaia. The lipoid material 
to a Bombrane takaa ap • aoliile tram a fluid bathing K at a 
vtloeity proportkoate to tha diatHbution eoeffleient and 
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same time the substance ia passed on from the membrtfi' 
interior of the cell. 

In illostration of Overton's theory it would follow 
substance soluble in water but not, or scarcely, in oil woul 
not pass tlirough cell membranes readily. For exampli 
glycerin presents this feature and it penetrates cell-protopli 
slowly. The monochlor compound of it, mouoehlorhydrin. 
soluble in fat and diffuses into the cell quickly, but the dii 
compound, dichlorhydrin, which is extremely soluble in 
almost instantaneously penetrates cellular elements. One 
parallel these results with those obtained with the use of urea, 
monomethyl urea, dimethyl urea, and trimethyl urea, all of 
which have solubilities in fat increasing in the order named 
and with corresponding power to penetrate cell -protoplasm. 
On the other hand, many very active electrolytes are insoiable 
in fats and it is found that they penetrate slowly the cell- 
protoplasm. 

That liquid material does obtain in cell-membranes seenu 
to be indicated by the results of intra viiam staining. Overton 
found that the dyes which stain the living cell are those, as a 
rule, which are soluble in fata, cholesterin, and leeitbin, in 
which the dyes incapable of producing a vital stain do not 
dissolve. 

One of the most noteworthy points in Overton's generaliza- 
tions is the remarkable fact that all the principal narcotica, 
aneesthetics, and antipyretics are rapidly diffuung substances. 
This fact was also pointed out independently by Hans Meyer, 
and both he and Overton hold that the efficacy of a narcotie 
depends on its solubility in lipoids. 

These speculations of Overton, while very interesting, do 
not solve the problem of osmosis wholly, for they offer in them- 
selves difficulties which Traube has pointed out." For instance, 
if there most be solution in the lipoid material of the cell-wall 
before the substance can enter the cell-protoplasm, tben even 
the most rapid osmoais would be a very slow process. Further, 
it is impossible to understand why this lipoid material should 
not hold this dissolved material all the more tenaciously tlls 
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more forcibly it has attracted it, iustead of passtDg it on to the 
interior of tbe ceU. It is above all imposaible, Trsube holde, to 
nndentand how water can peoetrate lipoid-holding membranes 
siDce it is not soluble in lipoids; and further, salts, as ia the 
case of renal and other secretions, readily penetrate cells, which 
is quite irreconcilable with Overton's theor>'. 

Moore " has also criticized the lipoid theory of osmosis 
in practically the same terms as Traiibe, pointing out also 
that it dues not furnish any basis of explanation of how energy 
is expended in concentrating any secreted or absorbed sub- 
Btance, and he also holds with Traube that a lipoid as a good 
solvent for a given constituent does not give it the power to 
pass that substance through the cell in a more concentrated 
condition, or indeed to alter the concentration of the solute 
anywhere save in the solvent itself. 

The critictsni of Traube that a lipoid-holding membrane is 
impermeable to water will not hold wholly, for lecithin, cere- 
brin, sad protogon swell up greatly in water and they are conae- 
qnently permeable to water, but Natbansohn " points out that 
when lecithin swells up in water it thereby loses the capacity 
to dissolve the substances soluble in lipoids. He, however, 
would still accept Overton's theory but would modify it to 
account for the diffusion through lipoid-holding membranea of 
both water and lipoid-soluble material. This he does by postu- 
lating that the membrane is a composite or mosaic structure in 
which a portion of the component elements consist of unswell- 
able cholesterin impermeable to water and the remainder of 
protoplasmic material which has the properties of a Q'pical 
Be mi-permeable membrane. 

In support of this view of Natfaausohn there are facta which 
Pascncci ** has determined. The latter found that the stromata 
of red blood-cells is constituted, one-third of lecithin and 
cbolesterin with a minute quantity of a eerebrin-like compound 
and the remainder, two-thirds, of proteid. As the stromnta 
oonnst in large part of the membranes the postolated mooajc 
ijtructore of Nathansohn may occur in red blood-cells at leaat. 
Terr fact that we are driven to postulate a moaaic mem- 
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brane in order to apply Overton's theory indicates how ini 
qnate the latter is in explanation of osmotic phenomena. Tl 
lipoid substances can facilitate the exchange between the ex- 
terior and the interior of a cell may be admitted, but that 
is the only factor or the most important factor is leas aceeptable, 
and one must trust to a larger conception of osmosis in order 
to be in a position to understand its phenomena. 

This larger conception may be gleaned from the results of 
the studies of Kahlenbei^." In order to understand rightly 
the signiiicance of his olfservations one must, to a certain extent, 
disregard the distinction between colloids and crystoUoida 
which has been held valid since Graham's time. We must 
recognize that a substance which acts as a colloid t« water is not 
necessarily a colloid to every other solvent. Indeed there is 
evidence that in the case of some of the typical organic colloidal 
solutions in addition to the ultra-microscopic suspension par- 
ticles present there is a quantity of the same material in the 
solution side by side with tJie particles. Hardy has shown this 
in the case of agar and gelatin ; and the phenomena associated 
with all colloids except those of the inorganic class seem to in^ 
dicate that there are two phafles in all such suspensions, name! 
the solid-water phase, which enters into the constitution of 
Bospenfilon particles and the water-solid phase, which forms t 
true solution. When tJie latter is eliminated there is brought 
about a conversion of some of the solid-water phase into the 
water-solid phase until equilibrium is established. It is, therS' 
fore, not correct to speak of colloids as wholly Buspenslons. 

On the other hand the very fact that a membrane does ni 
allow the passage of a so-called colloid through it is no evident 
that the latter is wholly a suspension, for if the composition 
the membrane is rubber it will keep back even sodium chloridcj 
that is, a crystalloid. This shows how artificial is the distine- 
tioQ which we obtain by using one kind of merabr&ue as a mesna 
of distinction between suspension and solution. If we wish 
undentand the phenomena of osmosis we must discard all the 
concepts which we have gained from the results obtained with 
the ordinary dialyzing membrane formed of parchment. It 
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woold be jut u wooibl e to daHify bU vubrtuict! into two 
groopl in tlieir relatiMi to « rubber mctnbrniin, for neither 
robber nor parehmeot iDciabruM* sxist in nature, BJid thoe« 
which do exift u« nut of the kind that make a die- 
between the >o-«aU«d colloid sulwtanrt* whinh are 
fonned bjr, or uv the productx of. liwue uid cellular nctivity; 
them an none that are iuwlubte in Xhv tltiitbi liathinff encfa 
tiMwe or eelle or in the iatracellular lluide. To expraei it 
la mother way, tiie roMon why eabataneea which are eoooemed 
in the vital prooeea cirealato and dilTiHe in tisiia elemente ie 
that the pfayiiologtnt fluids, extraeellaUr ■> well ae intra- 
cellular, are «> oompueed ae to diBolve them. 

To return to Kahl«nbenC*s obeenratioDa, it may be pointrd 
out that while he waa not the flnt to uae nitibt^r membrane ae 
•epia for oBiniMie experimenia, tinoe Fliuin, Kooult, Tamnuuin, 
and other* bad dotw this before hin, be was anwngirt the flnrt to 
tevoitigala thorooghly the pnqwrtiea of auch niltbnr eepta and 
to indicate the ngniBcance of the reealte. 

One majr not detafl folly the resulta of hie obeervatione, and 
tboee who are intereetcd in the etody of oennaia may, with 
praflt, consult tho f>riginal paptrr, for it a rvpletr with dcacrip- 
tiona of experimenta whirh illuatratr oamotic phMioaiena whieh 
euoot be obtained with parrhm«nt or prmripitat^ Kpta and 
whieh bdp to dear up eome of tlk- chief difflrultint cxperienead 
in the past in attempta at eiplainiog phymiolnvirjU oamoaia. I 
ahall hare fin only a few detaib U* illuatratr the lipiifiranGe 
of Kahlenbuy'* reaolta. 

In the Snt place he found that the eompoaitiun of the 
membrane ia a deeiaive factor in oamneiB. fie need in hie ex- 
parisMnts. amoogat other membranee, arpta of pnn rubber 
and Tariona Huida ea eolventa. bat the roost >tnkin|[ nwolu were 
obtained with pyridioir. With pyridini: only cm ooe aide of 
the eeplom, bat with the ume nwdlnm rontainioy can<Hni^ 
and oo|tpar oleate oo the other, it wan found that the colloid. 
flgppar ol»tc. freely paamd throuffh the aeptum. bat the 
aiTilaUoid, eaoe-eaffsr, rewatnwd behind. On the other hand 
wIno two eiyitaUoida, eamphor and rane-eufar. w«r« in eolotJoo 
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in pyridine, the camphor, but not the cftne-sugar, passed t 
the membrane. Here two crystalloids were separated from 
each other by osmosis. Further, Kahlenberg, as he stated in an 
address delivered to the Chemical Section of the American 
Association during its last session, has been enabled by this 
method to separate two colloids from each other. 

The rubber membranes in KaMenberg 's experiments were 
not wholly impervious to sugar, for traces of it pa,ssed through 
them and so also did nitrate of silver and lithium chloride, but 
in very much smaller proportions than in the case of cano- 
sugar. That means that the non-eleetrolyte sugar diflhiMlJ 
through the membrane more readily than either of 
electrolytes. 

When instead of rubber septa, which he found permeable 
to copper oleate dissolved in benzine, he used a parchment 
septum with benzine on one side and benzine containing copper 
oleate in solution on the other no penetration of the membrane 
occurred; that is, the colloid copper oleate which passed through 
the rubber septum does not pass through parchment. 

These and other results of Kahtenberg's observations make 
it quite clear that the membrane is not a passive element In 
osmosis. In the case of rubber septa with pyridine only those 
substances would pass through which are soluble in hydro- 
carbons whether they are crystalloids or colloids. "The current 
view that crystalloids always pass through membranes more 
readily than colloids," he says, "is evidently untenable, as it 
has been shown that just the oppodite may occur and that even 
crystalloids may be separated from each other by dialysis when 
the proper septum is chosen. Whether mibslancfs can be tepa- 
rated by di(Uysis or Tiot does not depend at all on their crysit^- 
line or non-crystalline nature, as is so commonly supposed, but 
upon their aginity for the septum employed." 

Of course, there are in nature no membranes like in ctHn< 
position to rubber, any more than there are membranes like 
parchment, or like the precipitated membranes of Trauhe and 
Pfeffer, but the one distinctive point obtained from the u»e of 
rubber septa which membranes of other composition do not 
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permit lu to MoertAio it that otmotis u dun to the tolvfnl 
mcttvity of th» msmhraiu u-haltc€r Ut nature. From Ihil im 
I may conclude Ik4ti tkt eompotUion of th€ mtmbrant and tk« 
, mttubHity in that membnnt of tka lotutei on tither tidt of it 
mre all important faclort in dalarmining wkrther diffution tkatl 
obtain. 

With thmo geDenllzBtioDJ aatl with a new vifwitoint we u« 
in a po*itioa to appreciate aod undervtAinl oome prublcou 
which hare had their oricin in the miulta of (tomn invMtiiratioiui 
(if ay own on the tDicrodumibtry of the oeU and which I 
believe have a profonnd rignifleanoe in relation to heredity. 

It is well known that cmrinogto and e^ albamen when put 
in a loop of the ioteatioe are abeorfoed ^parentljr unahaDgtMl 
and excreted by the ktdneyi. When the Mine proteida an 
intraTenooaly injected they are then ako exercted by the 
kidneya. la the (omier naM the mnooaa nenbnuw of tlia 
Intestine itaelf, cooipoaed of "eollotdal" material, takea ap tta« 
"colloidal" proteida and paaea them on into the blood. In 
hith casn the reflated ppilhdiam of Bowman '• capanle, itaelf 
alao i)f "citlloidal" M>nipoaittAu, allciww tlu* foreiipi proieidi to 
paa thnnigfa with the water and aalta. Apaio we know that the 
normal prott^ida and fata of the blood-plaama pa«i tfaroogb the 
pndotbelial eelU of the blood-eapillariM to pnnide ooaitituenta 
of thi; lymph. The faU in the lymph are dffrtiiied lu part to 
peiwtrate the eytoptafm of rcrtain conncrtirp-tlOToe elements 
to ba dapoaited th«>n'in nod from tbrw iiitrarellular depoaila 
to difftwa away a^in anumling lu tb>- mwda of metatxdicra. 
In thia pamip) from blood-vnwhi into edU "eoUoida" diffiue 
throofffa "eolloidal" membraoea and. aa in the eaae of the rew 
ioofen and allnimiDa, the only explanatiim powhle ia that the 
merabranea are of nucb a maiiMHition that they diaolve the 
water-aulid phaie of the "roUoide" (proteids and fata) jint 
aa tba rubber lnl^mtl^ane in Kahlenberg'e txporimenla diNoInd 
tJu enpper oleate or the rampbor and paMcd it tliroucb to the 
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imm of diffiiaian of ooUoid throogfa salloid. Id the rilU t 
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ing the absorption of fat the epithelial cells convey it to the 
underlying adenoid tissue and the latter pass it on to the luinea 
of the lacteal vessel. This transmission is not through the 
spaces or lacuna; of the adenoid tissue but through the colloidal 
substance of the adenoid trabecular network stretching between 
the basement membrane and the wall of the lacteal vessel, and 
it is transmitted dissolved in this "colloidal" substance. In- 
deed it penetrates the wall of the lacteal vessel only by diasolv* 
ing in that wall. Even in the epithelial celts covering the villua 
a part at least of the fat is dissolved in the c«U. the protoplasm 
of which allows it to he diffused readily on towards the base- 
ment membrane, but in the lateral membranes of these cells 
it may be retained in a dissolved state after the cytoplasm has 
got rid of its charge of fat. 

We further know that in developing nerve-eells the chro- 
matin of the nucleus diffuses out through the membrane of the 
nucleuH to form the substance of the Nissl granules which are 
BO distinctive a feature of nerve cells in adult vertebrates.'* 
Further, in the developing ovarian ova of Amphibia the chro- 
matin of the nucleus alters in composition, gathers in small 
spherules immediately adjacent to the wall of tht? nuclear 
membrane and gives off material which passes through the 
membrane to constitute the para-nucleoproteid (vitellin) of 
the yolk spherules. 

A like diffusion occurs in the heematoblasts of Amphibitt 
when the antecedent of hemoglobin passes through the nuclear 
membrane to form ha?mog]obio in the cytoplasm. We know 
from the observation of Sutherland Simpsou and Hering** 
that h tem ogl obi n- like compounds occur in tlie cavities of bepatio 
cell-nuclei of the dog which were probably derived from red 
corpuscles, some of which were obser^'cd inside liver-cells either 
intact or in the process of degeneration. That htcmoglobin 
can diffuse into the liver-cells and into the nuclei follows from 
the observations of Browicz" who injected intravenously is 
a dog a quantity of a solution of Merck's biemoglobia and 
found cryatals of hiemoglobin in the hepatic nuclei. He ob- 
served also that when red oorpusclee break down iu liver-oelli 
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I is iitontd in tlx-tr nnoJ«t but thtn can oaly be ez- 

ioed OD the ■anunpUoo that bwtnngtohin diffows thmagh tlv 
■ BMnibraiui. 

t Bugr multiply tbf inxtani^M, but enonffh Krp detailed 

r Uut mcntbranai io, and th« protoplaam iif. thi» liriiiK 

] Mn OBpabk at allowing "collotdfl" to diffuiv throiiKh th«in 

1 that livinit animal menibnuKs do not Dwcmirily distin- 
irabb bflwmn mllolda and erjstalloida anU«s thry art> Rpftrinlly 
(wnaUtated for that purpnae, and thai, atnngc ta nay, they 
tend to be impermeable to eryatalloida of the itwrfianic clan. 

One of the mosl ntnkinii rmulta of my microcbcmical ntndics 
ia tha detrrminaLiiiD that Ibp nuclpita is abanliitHy fire fmm 
chlorides and ph'M[ihat(«, and. as thfue form the typiral salts 
of aodinm, potaaaium, caldtun, and magnesrom in tissoaa and 
phyaialogical fluids, it ia obTioaa that tbmi dnnenta tn absent 
als» from the nui-Ji-us. Indeed, dinei tasla for potaanmn and 
ealciam show iinmivtakably that salts of theae elements do not 
oorar ID the nonnal nurlens. 

It is a tntt that \u tbe intestine alMorbing iron Mils the 
nuclei of Ihp epithelial relbt whose c3rtriplBNin ittves a marked 
reaction for inorfranie iron an wholly tmn from inorganic iron. 
In fart the whole rytnplaam may be snrchargrd with innrganio 
irnn and yet not a trvre is found in the ntiHeiu. Even in the 
Iirer in pemirioiu snvmis wbrn the e]-topIsMji of the hepatic 
cella is markMlly impregnated with inorganic iron, their nudei 
never show a trace of it. 

Pnnn these and other obaerrationa I put forward the doc- 
trine that the normal etil-nueleus does not know the inorganic 
world, that it is the home of asrtaio organic oompnoads only. 

Ia this merely do« to the gnatcr aridity of the ejtopUsm for 
inorgaaie salts and thus none of the Utter arc allowed to leave 
the eyioptasm for the nucleus, or iittr» the nucleus offer nf itself 
■o obstade to the penetntino of it by inorganic aalUT 

The latter is. I beltrve, the eorrret answer. Tlie head of the 

spermatoMon in sn altered nuelnia and in the srminal flnid 

apart fmm tb<> sprrmslic elements there are Ibe nhlfiriiles nf 

^jpdiun and potawiuoi. Now if the eytoplaam is rsspooaibld 
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for the freedom of the nucleus from inorganic compoui 
head of the spermatozoon should be charged with chlorides a 
yet not a trace of chlorides have I ever found in the heads. 

It is manifest then that tie nucleus actively excludes in- 
organic salts and the question is, How is it donet The aiiswer 
is that the nuclear membrane is so constituted as to exclude 
them. 

This impermeability of the nuclear membrane has in some 
cases been noted by others. Hamburger " found that when 
the iutestinal epithelial cells are bathed with different concentra- 
tions of sodium chloride the cytoplasm is readily permeable 
to the salt but the nucleus manifests little or no permeability. 
This he found to be true also of the nuclei of the ciliated epi- 
thelial cells of the trachea and of the nuclei of the epithelial 
cells of the bladder. 

The absencG of certain other compounds, and thrae of the 
organic kind, must be specially noted. Except in rare cases, 
all pathological, no fata are demonstrated in the nucleus even 
with the meet sensitive microchemical reagents for fat. like 
Scarlet Red or Sudan III. Further, intranuclear glycogen 
has never been observed in the case of normal cells and this 
of itself would postulate the absence of free sugar in the 
nucleus. We know also that free sugar has never been found 
microchemically in the nucleus. It is not quite certain, but it 
secma probable from observations on the point that the nucleus 
do^ not contain free proteids. like globulins and albumins. J 

The total exclusion not only of inorganic salts but also ojEl 
fats and free carbohydrates from the nucleus and the probable" 
absence of free proteins is a point of prime importance and 
it throws a new light on the relation of the nucleus to the 
cj'toplasm. 

What is found in the nucleus is chiefly an iron-holding 
nui^teoproteid which the histologist calk chromatin and which 
differs for different kinds of cells, that of the pancreatic nuclei 
being somewhat unlike in character that of the hepatic nuclei 
and this again different from the nudwproteid isolable from 
tfae nuclei of renal cells, although all are like one another in 
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tbt naia in their oonpiMitlon. Thew tmD-b»l(]iiig uneleopiv- 
toidi »n lyndwiiiMl in the eytoplMm. Iwanoff** foood tlut 
Um qmaaa fimn yeaMt-mUM •jrnthMUed phnRphorio wad vid 
soirar ftitd fonned a compmind io which the mgsr wm nu«ked 
uid which did not girp a reaetioD for phoBphorir acid until it 
had undergoae trtutment for khih) time with Klronic nitric acid. 
Thia pointa atroogly to the probability that the sj'nthcsia reaulta 
io the fonsKtioii of the Kki-latoD of tbr nucleic acid malttcul*. 
Aa Um 7«iat oell baa mi uuchfua an<l oa lh« zymue in a f«nnent 
or rather nvsral fcrmenta, it i« very probable that nnck-ic acid 
ia Cbmad io the cytoptaain of the varioua cella of the body. 
The nvitie add onve tormfd readily Mtmbinea with proteid 
md then the nucl(Vprot«id dtlfuani out of the cell where it ii 
ayothcaiiipd. or into tho adjacent nocleoa where it ia itored. 
Thoae which difTiisp out may rvach the interior of other oacl*i 
or the naciri of otbfr apeciM of t^ttn. 

TIte DDclaar mambrane ia penneable to auoh iroa-boldinft 
Doeteoproteidi. The difftnoD ootwarda fruni tbo oucJeui of 
tlw davdopios »erT«-eeU of all or nearly all it« chrofliatiji Ut 
eooatitute the material of the NiiaJ franolca haa been already 
referral to. The praenoe of prozornogen in the CTtoplaaiBa 
of eaerelinit cclla. aucb aa tlioar iif the ealiTary, gaatrie, and 
pancreatic eella ii due to a rhronwtiD-Iike compound diffnaiag 
from their nuclei. 

It ia hichly probable that the permeability of the noeleAr 
membnuie by the imn-holdiiiK nticWprntrifU ia dne to a 4iegne 
of aolubtlity of the latter in the anlMtanoe of the merobraaa, juat 
w> copper oleate ia aoluble in the membrane of Kahtenbery't 
Mp ariiDenta- Why the iron*boIding oodeoprotaidi gather in 
the noeletia in aoeh a qtuuitity aa we find there and do not 
diflToae mtt agslo ia eaaily iiian.<pttbU of an uplanatiAn. It 
probably piaaea throogfa the nembmoe tn the noelear cavity 
In the water-aoUd phaae. that ia. in the bydropfailom form, but 
in Ike omdear eavity it enten into the other oondition, namely, 
the wlid-water phoae in which lher« ia nora aolid and Icn 
water and eonaeqiiently it ia mudi leaa diffuaible and more 
inert llkeivean be no doubt that ths lea diftiaiblej>baMdO(ii 
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occur inside the nucleus for it constitutes the chromfttin 
the chromatin network, and the chromatin loops so familiar to 
the cytologist and histologist. What transforms the one phaae 
into the other can at preseut be only a matter of speculation, 
but it may be suggcated that the nuclear membrane bringB 
about this change, for the chromatin in not a few species of 
nuclei lines the inner face of the uuclear membrane, indi- 
cating that the transformation occurs in the membrane or in its 
immediate vicinity. 

The nuclear membrane being permeable only or chiefly for 
iron-holding nueleoproteida two conclusions follow: one, that 
these compounds so long as they remain in the interior of the 
nucleus are protected from chemical alteration due to the action 
of inorganic and other compounds which may invade the 
plasm; the other that to afford such protection is the 
function of the nucleus. 

These two conclusions based on the composition and 
properties of the nuclear membrane enable us to comprehf 
clearly what constitutes the physical basis of heredity. 

In Darwin's theory of heredity every cell of the body gives 
off typifying particles which he called gemmules and which col- 
lect in the ova and spermatozoa to reproduce in the ofTsprii^t 
all the features of both parents. 

This would account for the inheritance of immediately 
quired characters, but the impossibility of such inheritance 
now generally admitted. The main objection, however, to 
theory is that it is impossible to conceive of such myriada 
gi'mmules being accommodated in an ovum or spermatozoon. 

The theory of heredity which has to-day received the wi< 
assent is that of Weismann, which postulates that the inhei 
ance of ancestral characters is due to transmission in 
germ-cells from generation to generation of a substance, 
carrier of heredity, called germ-plasma, which is not affeol 
by metabtilio and other changes In the somatic tissues of 
indiindual but which may spontaneously vary and thus gv 
rise to varieties in the offspring of the species. According, 
to this theory no imnieiiiately acquired characters are 
mitted to the ofiEapring. 
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providM for the protection of thia gcnn-pla«M which 

I down from gvnvralion lo jninration nochanft*^ or 

i cm); ia the fnxhion that luvK*'"* I'm* BpontJiruvitu origin 

' modifleatiaiM of fumtfl, W<-i8intti)ii iI'M not eipluD. 

It weau to nM> that ihr tnir cxplnnntioD of hnvdity !)«• 
rtwMo tbf theory of Danrin and that of Wfinniuin. 

n-plMiTui in the utam iinpl)<^ by Wciinnaim may nzist, 
mt on tho view here a(lnu)r<>d its continuity i« "n«> of type 
rallier than of identiral mol«valni. for the nurWr membnUM 
■ of the K*'-rni-<wll> •'♦t ""t or neU-i-t frtitn all thw inm-hnldinfC 
oiurlraprotPida from the rarioiia portinnn of thr btidy tliat mach 
■urJi c«>rni-«>I]a thoa^ of a M-rtain 0<-linit<> fixed compnaitlon 
and any othtT narleopmlpidn that may br pn«rnt are exdadad 
from the nuclei of (he ova and Rpermatid wIIk. Saeh ael«it«d 
or aorlrd out iron-holding nurl«^proteid> may in a manaer 
reprawDt tfa« iiemmuleii of Darwin '• theory, Hnrh eompoonda 
transnit the ioberitnl parenul eharsirten and, to roatinui* the 
tnnamiadon in the oAprinf; of Kiirh charartent, provide for the 
auintmaDire of aome type of nndear membrane in the fm^n- 
eftttn of the offHpHnff. 

Bliltfat ehanitea in th« noelear membrane of thi> germ-nella 
would provide for the variants, or "iporta" in the oAprinft, 
but the nnelear membrane may itaelf be aupponed to remain 
crniHtanl, although Ihia ronatanry don not demand that the 
tron-bolding noeleoproleids whirh pa«i through it are of an 
abaolutely uniform type. Jiany ianmen may be aapponed to 
oreur amongiit thew eompound« and yet only a few of them 
may have the affinity for the material of the nuelear mem- 
hrane wbieb will enable thi-m tii paw through the latter, 
Mieacher haa pointed out that when an inorganie mmponnd, 
t.ff., alhamin. haa at leant 40 atoma of earbnn, a billion iaomen 
of it are pnaiible. and thia number may tie greatly inrreaaed bjr 
variationa in (be pn«itinn of the nitrogen oloms. flow thli 
may permit variationa in the offapring while providing fnr 
traHoniMiofi of the general ebaraelem need not be diarnwd 
hare. 

The aaelflu membraiu thefcfore nalua the tfynamMoa of 
pareotal diaraeten from fnerattea to fenerstioa poHlbla. 
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The nucleus, membrane, and contents, lias thii§ been 
menae service to organisras in the struggle for exist«nce, for 
if the germ-plasma, the particular iron-holding nucleoprot«id 
which is the all-important element in heredity, were freely ex- 
posed in the c«ll -protoplasm it would be subject to ohani 
which the never-ending chemical processes in the cell woi 
bring abnut. and it would also be affected by the salts whioh'i 
are constantly diiifusing through the cj'toplasm. That such salts 
would be harmful may be inferred from the fact that they do 
not occur in the nucleus. Any changes that would give rise to 
variations in the species must arise through the germ plasma 
being altered in composition but to such a slight extent that 
it would still be soluble in the nuclear membranes of the ger; 
minal cells and, in consequence, the offspring of the next gen< 
ation would present variations. Such slight changes in 
germ-plasma would be ciunulative, would result eventually 
a nuclear membrajie constituted so as to permit only an 
altered germ-plasmp. derived from such cumulative action to 
enter the nuclear cavity and thus a new species wntli more or 
less fixed characters would oripinate. Without a nucleus, 
the other hand, there would be no fixity of type or of charucten. 
Whatever character one generation in a species wonld win that 
would be of advantage to it in the struggle for existence would 
not be continued unchanged in the next or tt might not be 
transmitted at all. In this way chaos might result and 
would be no progress or development such as there has 
in evolution. 

This constitutes the reason why the species of nacl' 
organisms vastly outnumber the non-nucleated. In the ei 
history of life on the glolw all organisms were non-nneleal 
but gradually some unicellular forms developed a nucleus 
gave them an inimenne adviintage in evolution and these thi 
and displaced the non-nucleated forms. Of the latt«r 
now remain only the yeasts, bacteria and the blue-green 
The yeasts and bacteria have an external membrane ■ 
seems to have many but not all of the properties of a nucli 
membrane and this explains their readiness to undergo altei 
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I ttam the condition nf vinilrnce to llwt of itttmiMtloD in 
I tbf animal bftdy. Only in o iianuitic or Mpro- 
I lih pould Burh orgajiutma continue their Mistcnce. The 
wlbtll the blae-gre«n hIipb arc pmtrct<>d by two membnuus ex- 
ln4orly and they thus pscape the rewilta of the direct MtioD 
nf the salts of th«ir rnTirooment, but their perpetuation, proba- 
bly ainiaat unalti-red, from a very ramote period in the hiatory 
of the globe, while other orcaniams have not been so oaatinncd 
except iu specios which are the rcanlta of an ever-profrraarive 

L VTolntian, abows whni a handicap in the atruggle for esiatetwe 

Itfaeae two cstcmal memhraua are. 

F AflM* tbe dovelopment of the nncleus eame the diffeiTOtia- 
tjon into sex, and this was an additional factor in promotiDg 
the function of heredity, for the nnion of two gens-plaatna, aa 
flceun in the fertiltiatiun of nva, nmply doubles the eertain^ 
that the main anceatral features shall be traosnutted to the 
uflspring, and at the same time tends to cciRunanicat« to all 
the Individuals of a sprcios L-haracter which may be of immenae 
advantaifo to it In evolution in the long run. 

Prom all that precedes it may be gatbered how neHWiry 
it ia to have a clear view of what oamoaia fundamentallj neana 
fram tbe purriy phyaiological aide, and it may be andeistood 
how throuitb it the ce[l-ouel«ua, whidi hnowi oeither fala nnr 
free carfaoh>-dratea, serrsa aa the Bacmd reeeptado for the 

t heredity- bearing sabalaoce, tbe germ-plasina. ThrooKfa Ihia 
«oaeeptio» of osmoaia also it may be srm what an all-iraportaat 
put a limple phyaaeal property of matter plays and baa 
played in the piinnMiini evnlotion of living fonna tin our 
planet. 
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THE FUNCTION'S OF THE LIVER IN RELA- 
TION TO THE METABOLISM OF FATS* 



J. B. LSATHEI. 1L8^ B.CIi.O«on^ P.ltC.S.Ent. 
LMtunr on Phj^oioty, 8t Ttumu'i HiMpiUl UtMli^-jtl School 

THE liver M wi orgmn with mnltifarioiu duties to perfonn. 
Of many of thaw it it ponibtp to »pcak with aonie decree 
of M-iratific aaroranot-. Something uf iU work in canaMtion 
with carboh}-(]rate iitor«4Cv hat beva known for lizty yetn. 
It ban aoravlhing to do with the removal of nitrogeo from vuper- 
flaoua protiMo fooda and with the manufartutv of htm from 
> tbia oitros«o. It takw iU part in tlw tnuiaformatioii of poria 
f baaea, tnmiof th«m out aa uric acid or deBtn))rinf them nor« 
eanplvtair atill. It deals with Iho blood pignwDt that ia put 
walk and oaoa it to preparv eoloriag matter for the bile, the 
nrine, and the fieeea, and there are many other mteeUaaka 
In the dkonkuy at the body which have been pat down to ita 
aetivity. 

But the fact that the fat abiorbed from the food ia apeelally 
diverted, unlike the other foodatuffi, from the atream of portal 
Mood and convFyed by ita inm fhannela into the ■>'iti>niic area- 
latiou raiirht be taken an an indii-atiun that tb*' fata, at any rate. 
may be left for other organa and tlHUea to deal with. Fata are 
I atored in the body in lanrcr i|iiantiti«a than any titbirr kind of 
^'Cood. But the flioragv plai-es fur fata are well known and the 
liver in maiamak ia not included amoof them. 

Tet the examination uf Uie amount of fat ia the livtn nf 
men and other aoimale n.'vvala very irreat varlationa, not only 
in the eaae of liven from the poat-morlem room attaebid to 
biapitala tor the aielc. but ia thoae rsntoved fnnn ffp^mah at the 
A hard-aad-faal dlatiiMtion betwMB than two 
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clossea of material it may not be possible to maintaiQ, but any-J 
one who has determined the amount of fat in the Uver in a long 
series of animals that are presumably normal will have been 
struck by fibres occasionally obtained that are very different 
from those that may be taken as normal average figures for this 
organ, different even from those that would be abnormally high 
for other organs. Taking one aeries of about forty animals, 
the livers of which I examined in this way, the great majority 
were found to yield between 2 and 4 per cent, of the higher 
fatty acids reckoned on the fresh weight of tie tissue as the total- 
amount present in all the different combinations of fatty Bcid( 
the liver contains, but five out of the series, or 1 in 8, gave I 
analysis double or more than double this amount : a dog 7.8 
cent., a pig 8.3 per cent., and three sheep 7.3, 12.3, and 14.fl 
per cent, respectively. This last figure means that very nearlx 
if not quite, half the solid matter of the tissue was fat in son 
form or other. The same fact comos out in spite of the abseiU 
uf extreme figures in some analyses carried out by Hartleg 
at the Lister Institute. A series of nine analyses of the livem* 
of guinea-pigs which had been fed on oats, cabbage, and hay 
showed the percentage of higher fatty acids reckoned on dry 
weight to range from 6.1 to 14.9. Another series of five 
analyses on guinea-pigs fed exclusively from the age of two 
weeks on bread, water, and cabbage gave variations from 6.7 
to 12,6 per cent, A series of twelve rata that I examined gave 
a range of variation from 1.7 to 6.5 per cent, of the fresh tissue. 
In another series of rata examined in the same laboratory by the 
same methods there were fourteen, the livers of which con- 
tained less than 4.2 per cent, of higher fatty acids, the 
mean percentage being 3.1; while four others with more than 
4.2 per cent, gave as the mean 7.2 per cent. I shall be referringiH 
later to some figures which I obtained from cats; five of thai 
animals, to all appearance normal, gave the figures 2.2, 
3.9. 19.2, and 22,2 per cent. From the post-mortem room 
t«rial may not infrequently be obtained in which still lai^r 
amount* than these are to be found ; 60 or 70 per cent, of the 
dry tissue, and 23 per cent, or more of the fresh, may be isolate 




I 
I 

i: 



METABOLISM OP FATS 815 

u U^ier faUy avick aft^r tniUnrnt with pota>fa nod klcobol 
mad subiH>quMit uudiRrMion. 

A good dcml of experimental work dircch-d to the production 
of •faDomwl unonnlji of fnt in tht* liver iiiid iithiT c»r)riins haa 
baa pDblkhed by Q. RuaenreJd. whnae rmiiltM are well knotm.' 
The nethod of eatjinatiiig fat employed by him ia one that it 
open Id a nnmbftr of ertlieimu. Go the one bniid, it tnitat he 
■dnutted that it yidda a larger weight tif iiiih«t«oce soluble in 
«tber than other iiirtbod«. Hut, on the oth«'r hand, it ia im- 
ponible lo oompar<> the reaulta obtAined by this method ev<>n 
with one aocithrr. nnne tben- itn> many L-unibinalions i>f fatty 
aeida which an> aoUible in ether : th4.> frw acidN theinwlrea, the 
Deutr»l glytwridea. the choline pluiapboric acid oombinatiotia 
of th« type of lecithin, jworin, cuorin, and Dthen aa weJl. 
An ethereal aolutinn may in on«> cam be eomiKMiHt airooot en- 
tirely of neutrml (tlyi^ndea; in another cue owrc than half 
of it may be aiime phoi^hntidi> lipoid siihitanci;. Hinrr the 
eonunon minponent nf all theae eotnipiiands which ia uf greatist 
aignificancc ia the fatty add radieai. the ffloat aattifaetoTy 
method uf Mtinuitiiig fata for moat comparstive paqKMea >• to 
■rt the fatty acida tnr from all the rambnwtiooa tn wbiiJ) they 
occur, aeiiaralr tlk-m from the other eonvtltuenta, and wHgb 
tlNun. If the pombinalioiM from which they are obtained are 
rimple neutral faU the yi4>ld will Iw atiunt !*.'> or 96 p<T mnt. 
of th« fat If they are Within it should be 70 per cent, 
wherewi other phxaphatidn yield lean than 50 per cent. The 
fal contained in the etbert<al atiltitiona of estnurta of the heart 
or livar olrtained by Roaenfeld'a methi>d do not nanmonly yieJd 
nort tliaD 60 per cent, of falty adda, aometlmai Uaa, and thia 
yidd TUiH aAoording to the eonpoaitiaa of the extract. Sever- 
thtlai, the range of Tariationa io the amoitnt of the fat in the 
Uver that Roaenfeld waa able to pntduee experimentally waa ao 
muflh greater than in the eaao of other orgina that anch oncer- 
bunty aa bia method leavea ia relativrly inaignifleanL There ia 
BO orgiD that ia ever flooded wHh fat in the w«y that the 
Uvw-ia 

K&K tbe appearance of large amounia of a auhataoce In an 
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organ may be due to active production of lliat substance in 
that organ or else to importation from other parts, We know 
from the famous experiments of Rothamsted, carried out by 
Lawea and Gilbert sixty years ago, that fata are synthesiKed 
by animals and that the material used for this synthesis is in the 
main at least the carbohydrates contained in our food. Mag- 
nus-Levy lias described a reaction occurring in the liver which 
he regards as typical of the unknown reactions by which this 
synthesis is effecl«d.^ He found among the acids formed in 
the liver when portions of this organ were kept aseptically in 
a thermostat for some days, not only acetic and lactic acid, bill 
also butyric acid, and at the same time gas was given off whit 
proved to consist in part of hydrogen. The sourco of 
butyric acid could not be determined positively, but there wi 
some indications that it was derived from sugar and the sin 
taneous occurrence of hydrogen suggested an analogy with 
butyric fermentation of sugar. And Magnus-Levy adopta aa 
the explanation of the appearance of this butyric acid a hy- 
pothesis originally put forward by Nencki, which may be 
extended to account for the formation of higher fatty acids 
from carbohydrate. This is, that in the first instance lactic 
acid is formed from the sugar; that luetic acid, as is well known 
to be the ease with all a-hydroxy acids,* readily splits inttfj 
formic acid and the aldehyde with one less carbon atom 
the liydroxy acid, in the case of lactic acid acetic aldehyde : 
the aldehyde then condenses to form aldol, which is the ff-oxy- 
butyric aldehyde, from which it is easily conceivable that 
butyric acid may be formed. The condensation of aldehydes 
on this plan is not confined to acetic aldehyde, and either by 
the condensation of two molecules of aldol or four of acetic 
aldehyde it is equally conceivable that the same type of change 
as leads to the formation of butyric acid may lead to the 
formation of caprylic acid with eight carbon atoms, and so 
forth. Tlic only limitation such a hypothesis imposes is that 
the acids produced must all contain some multiple of two car- 
bon atoms, which is j\ist what is well known to be the case with 
the fatty acids found in nature. If, therefore, butyric acid 
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from KlncoHt in the lirn- by Hueb reactioos u than 
mmthen of palmitic uiil ol«e and rtaarie sclda from 
may alaa bo tbe wiirfc of the liv«r and be tttTectMl by 
nwetitiiu. In butyne fenn«nUlion of lugar, bendea 
ityric acid, taBlcient of the aix-carboo caproic acids i* pro- 
»4uomI to be eommereially worth arparatinir, and as Rapor 
liunred at tiie Lial«r Inatitate delectable and idcDtiflable 
alio of the oontial eieht-earbon capo'Ho acid.* Tbr 
VMotiona, therefore, irbieh tern the bacteria for producing 
bntyrio acid fram BUgar aervo them alau for tbe aynthewte of 
«apnie acid and caprylic ai^id. Haper alao tDceevded in ^o- 
tberinng normal caprylic arid from acetic aldehyde by eoodaa- 
latioo of aldol trith itself, uxidiung the aldehyde lo fortnad 
by meana of aiWer uxid« and reducing the hydrusyl groapa io 
the chain with hydnudH! acid,* an achievement which pnTiooa 
abenieal experiuice •• tu the ooodenaation of aldehydes remlt- 
ing in the fbnnatloB of branched and not of normal "hai''t 
rendend Imprabable. Tbe p r e aan ce of hydrazyl groupa in tbe 
to aeeoont for thia. Uaffniia-Lev>- '■ obnenrations, 
ifoR, may be taken aa iwintiDK In the liTer aa a likely organ 
lis wUcb to aaign the tnuafurtnatiou of augar into fat, ainee 
It hv to be wngned to aome organ in tbe body. 

In a kmc wriea of nperimenta on the amount of higher 
fatty aeidi pieaent in the lirer I foond that in a fair propor- 
tion of eaaaa, nearty 50 per cent, thb anxnint cuuld be obaerred 
to inarwaij when a pulp of the liver tiflue wai ki-pt in a Uiermo- 
■tat at the body lemptrature.* The weighed incmae of tat^ 
acide Boloble in peiruLeum and not aoluUe in water from a 
■ample of liver pulp vrvigbing about 50 framawa waa aoa»- 
timea aa much aa 3.4 or ertn S deeigranuaai and tmoonled lo 
n IS to aO per oeoL ineraaae on the Catty acdda pnaent in the 
pulp bafge* the axperiinrat atarted, aa dttamlned bf rvferanee 
lo tha mean between two eontrol eati m atio n a, wbidi differod 
fron that mean by about 1 per raoL of the total amoant of tbe 
fat^ aeida present. In thne out of flre attempts to remore 
and redoee the liver to polp asepticially thia was anecevful, 
and in two of thaaa thrao there wia a nurfcad ioertaaa b fatty 
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acida on incubation, so Uiat the formation of fatty 
not the work of bacteria. As to the nature of the mRterUl 
which waa converted into fatty acids under the conditiontt of 
the experiment:], it was impoHsible to get dear evidence: the 
addition of substances which might be supposed to be 
or to occur in the course of the reactions involved, in 
gave constant and uniform results. The many negative 
periments seemed to make it desirable to postpone further in- 
vestigation till more light from other sources could be thrown 
upon the subject. 

There are, therefore, grounds for looking to the liver aa 
seat of the synthesis of fatt>' acids, and it is possible that 
reason why there are greater variations in the amount of fat 
the liver than in other organs is in some measure to be 9ou| 
for in this direction. It should be rememliered, too, that 
fatty acids found in the liver are to a much greater extent 
is th(^ case in the connective-tissue fat, nnsaturatcd acids ; and 
since the only hypothesis as to how fatty acids are synthesized 
for which there is anything to be said implies a possibility op 
even the probability that the acids formed would be unsat 
ated. this may be regarded as some fiirther justification for 
idea. 

There are. however, still better grounds for thinking tliat 
large amounts of fat found in the liver are often due to the 
importation of fat from the storage places in the connectivfl 
tissues. For in the first place, perhaps the most remarki 
feature of the extreme cases of fatty liver described by 
feld in dogs which were starved for five days and then gi" 
phlorhizin on the sixth and seventh days, is Ihe extraordinary 
rapidity with which enormous quantities of fat appear in tho 
liver, forming as much as 70 per cent, of the dry weight of the 
organ.' He says that the fal does not begin to accumulate until 
the fortieth hour after the first dose of phlorhidn, and the 
animal is killed eight hours later. According to this account, 
therefore, this enormous increase in the amount of fat in 
liver takes place in the course of some eight hours. Again, 
the animal is allowed to live another twenty-fonr hours, withoi 
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ir doai- of phlitrbuin the liver w th«n fuuod to 
eotiUin only uumial bhioudU of fat. no thiit rvcuvcrjr is netrly 
■■ Tvmarkabl.v rnpiil ba Dip ilrvflopini-iit of thin alinormml diitri- 
botiuu of the fat in the body ia. It would be eaaiu' to Dod«r- 
atjuid such rapid cfaaufM u thiM if U ia not tuteenuy to 
auptMMp iht fat to hav« been madit where it ta found. 

TbiTir an probably panlleU to be found lo the rapid ofaansM 
indicatnl by Row-nfeld'a rmulu in elinieal experience. Caaes 
are recorded of tbe moat intenae fatty chao^M in the liver b»- 
Ing fitiiiid poat-nMirinn wtwii lb«>re ia emry rmuoo to mippOK 
Utat thi> abnormal euaditioD haa oome <m with tbe gnaleat 
rapidity. Caaea of deferred chloroform poUoniny partieulftrly 
mtggett tbemaelreiL Thna Lancnead * dcieribea tbe case of a 
boy, aitat) twelve yaan, who afl«r operation under chlarofnnn 
far lympbadeooraatoua glanila in the neck became delirioua and 
Uter droway and unranapioua. and died, jaundiced and waeted, 
aen*nty-two boura aftvr the oprralioji with a very fatty liver; 
and anothrr raw of iiii appan-iitly hnttthy rhild, afed three 
and a half year*, dying thirty-aix houiv after a irimilar operatioo 
with aimilar MV|iieLe, and flhowing inlenm fatty rbanite in the 
liver. He alao deacrilM a cue wher« aitnilar dinii«J ■ymptaoM 
fuUowrd a trifling operatloo oader gia io an out-patient, a girl, 
■fed fifteen yean, Mwonpanied aa io the other caaea by almrm- 
intly rapid waetinj{. Thia eaae ended, however, in recovery, 
and Ira daya after the uoaet the body waa mrtnnKl lo ita normal 

idition of nutrition. Caaea of eyclieal vomiting ending 
fatally in three or four daya are deacribed with similar post* 
Morten appearancea in tbe liver. 

of a peculiar ebaraeter baa rwentJy eome to my 
Botiee throngh the kindn^ of Dr. A. E. Boycott, who aent me a 
portion of the lirer for examination. A man, aged forly-ninc 
yean, apparvatly beoJthy. drank when inloxJcalifd a couaider- 
able BfflonnI of atrvng hydrtK-blorle acid and died aix hour* 
later. Ilia atomaeh waa practicaJly dntrayed. An adjacent 
portiim of the liver waa alMi burnt and thia part nnUer the 
mkroaoope abowed do raoie fat than ia often to be aeeo lo 
liver. The rat waa intenaely fatly and ooolaioed 
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on analysis more than 20 per cent, of higher fatty a 
oned on the fresh weight. The aeids had tJie iodine value 65.6, 
Dr. Boycott's comment that "the presumption is pretty well 
Justiiied that most of this fat had appeared in the liver in these 
six hours " is one with which I am strongly disposed to a^ee. 
Those who have a wider clinical and post-mortem room experi- 
ence than I, may be able to furnish farther evidence for the 
belief that I hold, that the most marked accumulations of fat iii 
the liver are not necessarily by any means always slowly brought 
about by chronic disorders as in phthisis or chronic alcoholism. 
In many cases they may have arisen as rapidly, and in othenf 
perhaps are recovered from as rapidly as seems to be the c 
in phlorhizin poisoning in dogs. 

It is nnfortunate that the pathological examination of poat- 
mortera room material is so largely confined to the histological 
and microscopical appearances. The estimation of the amount 
of fat in a tissue by histological reactions is a well-known source 
of fallacy. Hoppe-Seyler showed that there is less fat in a 
sciatic nerve that has degenerated as a result of section than 
there is in the healthy nerve on the other side of the same 
animal." Rosenfeld proved the same to hold for a degenerated 
occipital lobe in man by comparison with the healthy lobe on the 
other side of the same brain. It is also familiar that whereas 
normal heart muscle gives no histological reaction for fat, it 
nevertheless contains something like 10 per cent., reckoned on 
dry weight, of higher fatty acids in different kinds of combina- 
tions, of whicdi the microscope gives no indication. The hearta 
of animals, on the other hand, that give histologically the mont 
intense 8charlach reactions for fat. on analysis may be found 
to contain relatively only a little more fat than normal hearts.'* 
The chemical estimation of fat in tissues, when all appliances 
are at hand, hardly takes more time than the preparation of 
histological apceimena. and it is urgently desirable that post- 
mortem room material should be systemalicully worked at on 
chemical tines as well aa histological. 

The classical controversy as to the source of the fat in fat 
organs is, as a matter of fact, commonly regarded t 
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I tmta.tf4l-n jtan ago mide the tiro moat imporUnt 

rttioiu beartof on this point, aod ttuy haro been cfmBnned 

i mdog other methodiL Lebedeff, in the flrat plam, 

i ihil the hver In a ean nf phosphonu poiwminft Kupenren- 

llsg on extreme rauu-iatioa Bhowed im fatty rhangt-. He ang- 

l{gM(t«d that the ahMDM of the lunial amntint of fat found in the 

r in phoaphonu poiaoaing waa dm* In thv lark of fat in the 

of the bod]r.'* Roaenfeld has ainne odminiBtiTpd phna- 

■ in differont atatea of nutrition. Hi- found in the 

r of a wHl-noariabed doff 37 per eent. of fat re«koaed on dry 

Dii^t; in a dog l^n well atMkvd witb fat 17.4 p«r cent-, and 

1 a dog rvdiicdd by Mtarvatioii to extreme emariatioa (Nil; 6.1 

I per c«nl., a low flffure. that ia to aay, vren for the liver of a 

I Donnal animal." lo^bedelT 'a other nharrvalion was that if he 

i sohrtituled for the fat uanally preaent in a dog'a adtpoae tiMue 

Efat of another kind, linseed oil. the aetda roiutituting wbteh are 

■muid. and give lead anapM that diMolve in Hlier, then the 

r •dmJnistratifln of pbnaphorua panwa the appearance nf large 

amounta of fat in the Itver aimilar in eompoaition to the linaeed 

oil contained in Jta adipoae tiarne, a fat. that ia, yielding 67 

per nenL of acida, the lead eoapa of whirh dbwilvr in ether, 

I a dog not pnvioaaly prepared whra given pbnaphiinia 

1 io the fiat in ita liver only 23 per eent. of sndt aeida giving 

By meana of the iodine value Rnaenfeld 

haa, aa ia well known, been able to abnw that the fat found 

in Mieh large qiiantitJ^w in the li\-er in phlorhixin poiaooing 

Tariaa in ita eharaeter with the diararter of the fal atneJced 

in the animal '» adipoae linne. 

The moat marked rhaniea. therefotv, in the amount of fat 
lo the liver are due apparently to the migration of fat from 
tha adjpan tiaanea in wbMi it ia atotwL Fnr if it were pre- 
dnaad ia the rfhoted organ there ia no reaann why the rharactar 
of Art prodtwed ahould ba determloed by the natnre of fat fn 
other parta of the body. And. aa w« have anen, the liver ia the 
organ in whirb the moat marked aemmillatiooa nf fat are 
foond. The liver ia therefore the nrgaa to whidi the mlgratjoo 
F fat from ether parta of the body ia mort eodapimioaa. Ia 
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other o^ans the amount of fat may be increased 30 
possibl; 100 per cent, above norntaJ mean figures. In 
the mcrease may he 300 or 400 per cent, above the normal 
mean, and even among normal animals something like 1 in 10. 
or even 5, give figuree that are 50 to 100 per cent, or even mor>i 
above those which prevail among all the rest. In fact there tm 
in the extent and range of the variations in the amount of fa4 
in the liver, as compared with other organs, something compare' 
hie to the range of variations in the amount of glycogen in 
this organ compared with others. But the interpretation of the 
appearance in the liver of the largest amount of fat ever foul 
there 80 far seems to be different, in that the fat is, in the 
that have been most studied, imported from other parta of 
body and not made on the spot. 

Now there are important differences between the fat usually 
found in the liver or heart and that of adipose tissue. Sub- 
stances soluble in ether extraeted from the heart or liver b] 
Rosenf eld's method are not entirely composed of fat 
ordinary sense of neutral glycerides of higher fatty acidai 
the ^ield of these acids on saponification is 30 to 40 per g< 
too low. It is too low even for lecithin which is known to 
present in these organs, and since some neutral giyceride is Ihei 
too, there must be also some substances present, and not in 
negligible amounts, besides the simple glycerides and lecithin, 
either substances which contain less higher fatty acids tlutn 
lecithin, such as jecorin or cuorin. or else others which containj 
none at all, such as cholesterin. 

After having used, therefore, the Rosenfold method of fi 
estimation for a lime I made it a practice to cheek it by oapoi 
fying the extracts obtained and then determining the fal 
acids. It is the fatty acids after all that are the 
factors in the metabolism of fat, and therefore for genei 
biological purposes some method by which all the fatty uci< 
present in a tissue in whatever kind of combination, are 
free and obtained in a weighable form is the most suitable 
reliable. For some years now we have used some modiflcatioa' 
of the Lieb«rmanii method consisting essantially 
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t in atroof |M>U«h uiil Mt|>otiifyu)it in llw pnaaux of 
■loobol »U oonipouncfai of t^Xty scicla, prrcipiuting th« scida 
with nilphiirifl add, and trxtncttiifi with petrolrtiin boiling 
• 70* C. This methnd gives unelieal nwiilU for most 
pttrpoMK. Bat it aoon bccmmc obvimu that the fntty sridi ob- 
buoed from lh« livftr or bMUt wen fUffcrent from thoM in th« 
f«t of adipoM tianu-. When k^pt for a few dajni «t th* 
onlinary tempentare, not prolectrd from tlie air, or when 
b«ated tor an hnor or two, they iocreaae io weigtat and an- 
found tn have bMoioe incompletely ulubk in pclruU'um. Rimv 
th« oxy-neiia fomictd by osidati^m of uiuwliimt'>d acida are in- 
■olubl^" in potroleum thia mgSMrted an explanation of ttw 
' befaarior of the arida. And tfac fact that RowDfald'i drter- 
t nunationa of th** power tif abanrbiUK iodine pamwwd by the 
' extrarta oblainni from the liver and heart gave itgum hightir 
Iban thoae carried mit od oonnnrtirp'tiHiae fat, in spitr of tlut 
faet thai Ihey e>iutain<>d otily about 60 pep eejit. of fatly acid, 
though it might be explaioed in other waya. might probably 
mean that the aridn in th« fatty ■ubataneca he obtained wen 
mon nnMtaraliKl Hum thnne found in the adiptne tivae. If 
th« ibaorption of iodine by the extract wa> entirely due to 
muaturaled fatty acido, then in an extract afaaorbing 70 per 
eent of iodine and eootaining only 60 per emt of fatty acida, 
the fatty adda tbeniMlves muat aWirb about 11(i per rent of 
their weight of iodine. Vi^ben Tlartley therefore undertook 
a qrrtematie inT«atisatton of ihe nature of the fatty lu-ids in 
the tinr and other organi this wan the firrt point he attached. 
By the nae of mcthoda ealeulalefl to expone the acidf aa little 
aa poarible to the riak of oxidation he fonnd that tbo mixed 
fatty acida of the liver, heart, or kidnej-s from every apeeiea 
of animal rxamini<d ahenHM<d far more iodine than the aeida 
from the odipiMe itMne fat of the ume antmaU treated in 
axaetly the lanie way. The iodine value of the fatly arida in 
theae organs average* niirmalty about 120, and rangea from 
aboat 110 to 140, wbereaa that of the aeida from adlpoae tinne 
wi« Meording to the apeoiea from 40 in tba goat to AS in 
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But the one organ, and this is the point that is of most 
importance in our argument, the one organ in which the iodm« 
value of the fatty a^ids was fonnd to present fairly commonly 
wide departures from this order of magnitude !« the liver. 
In the following series of human Uvers <>xamined by Hartley 
and MavTogordato the more the amount of fat exceeds the nor- 
mal average amount the lower the iodine value of the acids be- 
comes, till in the cases of extreme fatty change the iodine valoe 
is no higher than that of the acids in subcutaneous fat. Tike 
list given is from their paper,'* 



t. Pernicious amemia. 

2. Lobar pneumoniii 

3. Pernicious anaemia. , . 

4. Diatieied. 

5. Toxsmic JBiindtee 

6. Accident , 

7. Empvpma 

S, Phlhisifl 

9. Bronchopneumonik . . 

10. Appendicitis 

11. Carcinoma of bladder 

12. Bronchopneutnonia . . 

13. Ulcerative colitis 

14. Accident 

15. Dysentery 
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00.1 



This is a striking series, but it could be extended by a 
number of analyses carried out since, many of them on animals, 
which fully confirm the fact which it brings out — namely, that 
the more fat there is in the liver the nearer this fat appro 
in character to that of the fat stored in adipose tissue, 
difficult to .sec how this is to be explained except by sapp< 
that when there is an excessive amount of fat in the liver it S 
because an excessive amount of the stored fat of the body has 
been brought to the liver. And the infereoce comes ready lo 
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hand that & normal liver, too, gets fat brought to it composed 
largely of saturated acids but this fat it is able tA deal with, 
converting the saturated acids into less saturated ones. We 
have not yet obtained sufficient fibres for other organs, the 
heart or kidney for instance. t« be able to say positively that 
variations of this character do not occur there too, but we cer- 
tainly have not obtained, nor do we any longer expect to obtain, 
variations on this scale. 

The liver, therefore, so far as we can see at present, seems 
to be the organ of all others to which the connectjve-tissue fat 
can most certainly be traced. And yet when this importation 
is not excessive the fatty acids in the liver are like those in 
the other working organs of the body in having a high iodine 
value, and in this respect unlike those in the stored fat of the 
connective tissues. This suggests that the fat which is imported 
to the liver is normally there altered so as to acquire a higher 
iodine value. Such a dcsaturation of fatty acids must occur 
somewhere, since the fat stored away and not in use is composed 
of acids that are more saturated than the fat in any of the 
organs in which we can suppose fat to be oxidized. It may be, 
of course, that desaturation is effected in all cells which oxi- 
dize fat, but the facts with regard to the liver that we have 
been renewing make it probable that it is especially in the liver 
that this change is brought about, and it seems possible that 
the liver to a great extent prepares the fat in this way for other 
oi^^ana in whieh the oxidation is subsequently carried to a 
finish. 

In order to see if it was possible to get any evidence of this 
desaturation of fatty acids in the liver I proposed last summer 
to Dr. L. Meyer Wedell some experiments in which animals 
were fed on various fats and oils. Her experiments were un- 
fortunately interrupted, but not before one curious and aston- 
ishing fact had come to light. The fatty acids in the livera 
of rata have the iodine value of about 130, sometimes rather 
more. Cod-liver oil yielding acids with the iodine value of 
150 was given to rats from four to fourteen daya, and it was 

Sd that the iodine value of the fatty acids in their livers 
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weat up: the figures obtained were 161, 198, 170, 173, and 174^^ 
Subsequently I repeated these experiments in this way: 5 
grammes of frround rice, 4 grammes of plasmoa, and 3 grammes 
of gelatin were heated together in 100 cubic centimetres of 
water, containing a little sodium chloride, calcium chloride, 
and potassium phosphate. While still wai-m this was well 
shaken with 30 cubic eentiraetree of cod-liver oil and a fine 
emulsion obtained. Then while still being shaken it was cooled 
down under the tap and just before setting poured out into 
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Iodine v&lue of fatty acida from cod liver oil, ISO. 

a basin. By determining the amount of this emulsion in 
that was eaten a rough idea of the amount of oil taken could be 
formed; the Tables II and III show the same sort of fifriimi 
for the iodine value of the fatty aeids in the liver, higher, that 
is, than any that ever have been observed under other conditions, 
and even higher than those for the oil given. The subcutaneous 
fat tends to be affeeted in the same sense, but to nothing like 
the s&ine extent nor so quickly. In the ease of the liver 
effect is already well marked within twenty-four hours of 
beginning of the feeding. The contrast between the rats 






UETABOUSM OF FATS 



M7 



had Bod-Uver oU ud Ummb tlut bsd noat in «onjilJuit, ud b still 
mon narhed with thoM UuU had r«t of a low iodine nlxu, 
coow-bnttcr. TV other orsanii of a rat are too raiall tu be 
■atjafaetoriljr worind in this way. 

lo order to gtl A|rumi for othrr organs it ia iiiiimiij to 
take a larger animal. Cat*, which, of voane. take fiah greedily-, 
were aeleeted. It is wril known that herring ail baa a high 

TUM in.— 5*Mniv SJfml M Ik* Ittr F^ ma mat mltum t4 How*, 
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Tin nia war* kafit wUhmu iMd for 34 hsiMB, thai cMck waa givw M 
mnmrn «L Jally ptvpaiad «4(h or wMwut bt, and UUad M houn laiar. 
AU ihaM rate wan wry val nogrtihaii and tal balora Uw « 



, iodioa value, — in th« apeeiowna whi«fa 1 examiood 137. Tbia 
r oil fornM about 8 p«r cent., aocording to my detrrminatinna, 
of the fat of the mtudaa of ths flah. The moat remarkable 
fattjr aeida, bowerer, appear to be obtain^rd from the ovary of 
thii flab. The aanplaa analysed wntainod about 5 per eenL 
of fattjr aeidi wHb tha iodlna valiu falling between ISO 
and 190. 
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No. I. — A cat was given three meals consisting pespectivi 
of 108 grammes and 210 grammes of herring roe and ! 
grammes of herring flesh rubbed to a paste with 10 cubic 
centimetres of ctKi-liver oil. It was killed forty hours after the 
first meal. 

No. II. — Another cat ate at its firat meal 95 grammes of 
herring roe, at its second 130 grammes of herring flesh with 
about 12 cubic centimetres of cod-liver oil, and at its third 
143 grammes o£ herring roe. It was killed sixty hours after 
the first meal. 

No. III. — A cat fed on 100 grammes of cod flesh daily with 
no fat for four days, then given one meal of herring roe. After 
four hours the cat was killed, the contents of its stomach re- 
moved, and the amount of fat in this determined. The amount 
of fat in the food eaten was known, the difference gives the 
maximum amount of fat that can have been absorbed — namely, 
2.3 grammes. The contents o£ the intestine were not collected 
or analyzed but certainly contained a part of this 2.3 gramioes 
not yet absorbed. 

No. IV. — A cat fed on 100 grammes cod flesh daily with no 
fat for five days, then given one meal of herring roe and killed 
eight hours later. The fat in the food eaten, less the fat in the 
food found still in the stomach, amounted to 3.3 grammes. 
Probably the amount actually absorbed was considerably len 
than this. 

No. V. — A cat fed on 100 grammes cod flesh daily with no 
fat for five days, then given about 24 cubic centimetres cod- 
liver oil with its food in the course of forty hours and Inlled 
sixteen hours after the last meal. 

Four normal cats, A and D, fed on horseflesh and milk were 
examined for comparison, and one, E, that had 100 gnunmeR 
of cod fl(sh daily and no other food for five days. 

The flgures given in Table IV show that the liver ig thA j 
only organ of those examined in which the result under con- 
sideration is noticeable. The oil finds its way. much the larger 
part of it no doubt, to the connective- tissue depots and tends 
lo raise the iodine value of the fat already there with which 
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it mixM. The ume tbinir happens in the liver, both in cats and 
ntt, and, as the experimentii with cats show, not on the same 
scale at any rat« in any other organ ; not at all, for ioatanoe, 
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in thf« heart, an orftan in which enrything tends to show that 
fat is used aa a source of energy niy largely. And in the 
Um the ttttet is mueh more marked than in the adipose tiMos 




because the liver is not a place to which Eat ( 
or in whieli it is stored. The character of the fat in I 
is determined not necessarily by the character of the fat which 
has been eaten and stored by the animals in weeks past, but 
by the character of the fat that has recently been eireulatiog 
in the blood. This, of course, may in times of mobilisation 
be fat from the stores in the adipose tissue. But when there 
ifi abundant fat taken up from the intestine mobilization of 
stored fat does not occur; the animal does not get thinner but 
fatter if plentifully fed. In this case the liver takes up the 
food fat and in the liver this food fat is more obvious than 
in the connective tissues, because in the liver it is not diluted 
down with fat eaten, it may be, weeks or months ago, since fat 
is not stored in the liver, but disappears from it to make place 
for other fat that it can get from the blood in its stead. The 
character of the fat in the liver, therefore, is determined in the 
first instance by the character of the fat offered it by the blood. 
But iu the liver there is something more than this. If this 
were all that happened the iodine value of the acids might 
approximate to that of the cod-liver oil acids but could not 
exceed it. In all the rata it exceeds it and also ia Cat No. V., 
which is the only cat that is strictly comparable. This can 
only mean that the liver baa the power of desaturating fatty 
acids and exerts it even when the aetds supplied are already 
as unsaturated as those of cod-liver oil. Why even in this case 
the change is brought about we can at present only speculate. 
We know that the properties of unsaturated fatty acids of the 
same empirical formula vary according to the position of the 
unsaturated linkage. For instance, the ordinarj' oleic acid 
has the double bond in the middle between the ninth and tenth 
carbon atoms. Le Sueur prepared synthetically the acid with 
the double bond between the sixteenth and seventeenth, or, to 
use the ordinarj' nomenclature, between the a and ^ carboii 
atoms. This acid would not decolorize bromine water.'* In 
certain positions, then, the double linkages are more stable thta 
in others. It may therefore be that the liver ia in the habit 
of removing hydrogen and introducing double bonds in eert^ 
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ptwitioiu io Uia chain and doca ao wlwther then ur lucb uniuiui 
Id olber pontionii or no. If tli« iicidji of th» fUh oiln ore un- 
BBtoraled in the wruog pious they might then becuion Htill nore 
unMturatMl when brought withiu the sphere of icUou of ths 
liver. On the other band, it tna^r be that then are double 
naiinw in the aidda of eud-liv«r oil which do not abaorh iodine 
■e rmdily m they would in other poaitiotu in the chain — are 
Dot. that ie, eo liable lo oxidatku. The aetioo of the liver in«y 
be lo nwre theae doable Unka^rM along the ehain into pantiooii 
in mhieh they out only afaaorb bdliw mora readiiy, bat are 
more iiablo to the disruptive oxidizing action of tiie eella that 
have to depend on fat for the lupply of energy. The one idett 
iDvolvea the formation of new double bunda, the other a trana- 
poaition of exiating oDea. 

However that maj be, the coodtuioaa which are indieated 
by Ibe ohaerTstiooa dneribed are. Id the flnt place, that the 
liver baa after all aDinelhiog to do with the fat abaorbed fran 
the intestine. Its poeitioD givea it, it ia true, no apecial priri- 
hgea in thb rrspMt. The abaorbed fat being conveyed into the 
lie circulation, other parta uf the body have an equal 
of taking it up sa it ia brought to them in the arterial 
blood. 80 far oa we know at preaent of theae other parte of 
the budy it ia only the cuoDwUve tianiei that avail thmiaelvea 
of the opportunity. And they take the fat up aa it comee to 
them and itore it unchanged. The liver, on the olber band, not 
only takn up ita quota, bat geta to work on it at oooe, and 
bring! about changea in the aeida, fur whteh the term "deaatur- 
atioa" may be eoovanieQt, though it muat be reniembered that 
■ooiielinMi poaably the change may be merely a tniii^antiOD 
of anaaturaled Itnkagea, while in other eaaea the pn>ee« nuat 
apparently be of the Uod which the term deaaturatioa inplioa. 

1 think it will be admitted that anpport ia thua gained for 
the idea that the liver hjH work to do io preparing fat for 
the metabolie pn»c e»^a in which fat ii oonoened. There are 
no a prion' grounda for tbinkinf that tbia work ia more than 
of a preparatory nature ; the complete oxidation of fat liboratM 
m mtA energy thai the later inU-nerly ezothermle tta(tm aC 
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the breakdown of fat are likely to be reserved for organs » 
the discharge of energy is conspicuous — ^the heart, for ii 
or the muscles or kidneys. If there is an extensive discharge 
of energy in the liver it is curious that it is so diflBcult to say 
what form tliat discharged energy takes. 

Jt looks as if the work of the liver consisted in an operation 
which may be compared to the drying of gunpowder. The fate 
we take in our food are remarkably unreactive substances, and 
it has alwai.'s been one of the most astonishing chemical achieve- 
ments of animal cells that they should be able to burn up com- 
pletely and cleanly as they do so stable a structure as saturated 
fatty acids like palmitic or stearic acida. They are wet gun- 
powder. And the body stores ite gunpowder wet, and safely 
removed from the inflammatory operations of busily worldng 
cells. When the orders for mobilization are issued this wet 
powder is conveyed to the drying chambers in the liver, and 
from there distributed to the fighting line in a proper eonditioa 
for use. There are times when the stress of this work is mani- 
festly too great. Too active a mobilization of stored fat, or too 

4iUle activity in dealing with it on the part of the liver, will 
in an accumulation of the unfinished product in that 
A fatty liver is then the result, and the fatty acids 

'irtdeh it contains are found to have a low iodine value. There 
is an accumulation of wet powder. 

Some of the conditions iu which such accumulations oro 
found appear to fit in ivith this conception of the way in which 
they come about Pfiiiger, in his account of an important 
experiment on pancreatic glycosuria, noted that the dog whieb 
had excreted more than three tdlogrammes of sugar in the 
course of two months, during which it was given no fat or 
carbohydrate, was at the end emaciated to such a degree that 
no fat could be found stored anywhere in its body. Neverthe- 
le!«, its liver had not wasted and contained a normal amount 
of fat. 2.7 per cent. Hence he concluded that the liver keeps 
itaclf in a state of nutrition in diabetes, as the heart does in 
all forms of starvation, because of its activity which conaiata 
according to him lai^ly in converting into sugar the fat 
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bnmgbt to it from the ttonipi pla««s for fat. So tar u the 
traa^KOtAtioD of fat is coooerned we miut, I fMl, be with 
PABfvr; H to the vraf in which fat ia worked up in the liver, 
Pafi(«>"s poaittoo ia oae that ia at any rate qiuatioaable. The 
fat^ ItTen that ocear not uacMniooDly in diabetM and the oon- 
ditioQ dneribed fay Roaenfdd b dogt poiaoDed by phloriurio 
would be intelligible if interpreted aa the nault of ezceaaive 
aotirity in the mobilizatiun of atored fat due to the n c e c aaity 
in whieh the body flnds itaelf owing to the draining away of ao 
fflueh carfiobydrate. The mobilieatton of fat moat, of course, 
oecar always in atarTatioD. Mnttnun baa ahown that when 
thia oocura the amount of fat in thr liTi!r a increased. A pre- 
liuinaiy note by him on thia aubjeet " appeared eighlaen 
mootha ago. Hia proof aince then haa beeome far toor* cir- 
ctuaatantial and convincing, and thoogfa thia valoable woi^ ia 
not ytt pubtiibed 1 have hii penniMon to r«fer to it here. 
Be axperiniaited by feeding rabbita and goinea-piga for a long 
pariod oo a eonatant liberal diet ao aa to have a nnmber of 
animala in aa nearly tbe aame condition of uutritinn aa poanble. 
Some Wen killed to aem aa normal controk and othera after 
one, two, three, foor, or fin da^' atarration. Evidsnee waa 
obtained in thia way that aa iinportatioo of aturrd fat to the 
livw uceoni after one day and airnin after four daya' atarration. 
At tbeae perioda not only is the anurnnt of fat in the liver in- 
ersaaed, abaolutely aa well aa hiatulogieally, but tho iodine value 
of the fatty adda ia lowervd. In the inlervab the imp<irtatinn 
aaVMa, the Liver being at work on that whieh haa been brought 
to it, the amount of fat in it diminiabtng and the iodine value 
lUog. 

It ia not, of «our«e, to be expected that aotin moUlLsatloo 
of fat abonld neeesaarily and in all caaea outran the powen 
of the liver for woriring up and lianding <>n the fat to other 
parts. A tendency for the liver to be in arrears of work is 
all the evidenee we oan ezpaet from the examinatioa of the 
ergana of Marring antnala. Jnat aa in the matter of allmentaiy 
g ly eo iiri a, wa mnat azpaet to And indivblBal diffiveai 

Oa the gramMh, therafore, whieh I have given I think it is 
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a fair hypothesis to make the starting point for work 
liver stands in a different relation to circulating fat 
other organs of the body. Its work is to take up this fat and 
bring about certain changes in it, the result of which is to make 
this materiEil available for the use of the organs in which its 
potential energy is required. I have described the grounds we 
have fur thinking that this change consists, at any rate in part, 
of a desaturation of the fatty acids. Is that the whole of the 
change T There is another difference between what may be 
called organized fat — the fat, that is, in tie cells of the heart, 
muscles, kidneys, etc.— and the unorganized merely stored fst 
of the adipose tissue. The latter is the unaltered fat of the 
dividual 's food; it has its iodine value determined by that 
the fat which has been absorbed, but it also contains no phu*'. 
phorus. The fat in the liver and the other organs of the body, 
the organized fat. ia very largely composed of phosphatide 
lipoid substances. Of these we know more or leas dimly of b 
considerable number, more or leas definitely of one, lecithin, 
Rubow estimates roughly that about a half, or sometimes mora 
than a half, of the organized fat is "lecithin."" It has also 
been repeatedly noted that the fatty acids which can be obtained 
by saponification of lecithin or other phosphatide lipoid sub- 
stances are more unsaturated than those from the adipose tissue. 
It may therefore be that the work of the liver consists in the 
conversion of food fat into organized fat and that the desatura- 
tion of fatty acids is a change which occurs after that conveiwon 
has taken place ; a change that is, therefore, removed from our 
ken so long as our knowledge of the nature and constitution 
of these lipoid molecules is as meagre as it ia at |)rt«ent. The 
change may be brought about behind a veil within the mj^ 
teriouB circle of influence of the phosphoric acid and the nitro- 
genous bflaic cunatituenti of these more complex molecules, la 
order to ascertain whether this i<i so Keunaway examined the 
acids of a number of extracts which I had prepared in fractions 
from normal and pathological livers." The tissue was ex- 
tracled repeatedly with alcohol, and then repeatedly with ether, 
in the ootd. The solvents were evaporated off completely at a 
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low tenpcraturB and praBorc and the reddne Ukcn up io dry 
etlier and filtend. Th« vthenal Kilutioo was trcAlMl with 

nrhteli, bnwdljr apeaking, proeipitatm pbosphatidea but 
itffiple ii)yc«rides or ordinai7 fala. Tbc prectpitate 

nttrocen and phoaphorut io about tiic anwtmta fuood 

eat cbanct«rizMi lipoid oomplezoi or mixtam of theaa; 

tne imliition ooatains theae ('InneDta in about otifr-teoth 
of ibonr amoiioU. The praripitstMl subitani^M when aafionifled 
y'wld JDMilubln liigh«>r fatty acids, Bolubl« in liicbt petruleom, to 
amounU which fall witbio the limibi of the amounU is knows 
lipoidi, leaa, at aiiy rate, Uuui 70 pwr eent. Th* unpreeipitated 
■nbalatioei coDlain aioounli of thiae acids which approximale 
to tboae found in pure simple KlynridiM more or Itm doaeljr — 
thai is to say, to about 95 per oenL But the iodino value of 
the fatty adds obtaiaed from the aimplv gIyoerid«a waa invaria- 
bly higher, and geoenUy considerably hi^er, than that of the 
■eida in adipose tiasoe fat. It was lower, it is true, than that of 
the abda in the lecithin frartton of the acetone prrripitate, the 
fraettOD, that ia, which ia atilablt! in ahaolule alcohol, and per- 
hapa still lower than that of the acids of the jecoriiw fraction, 
wbieh ia tuaoluble in alcohol as well as in acetone. It wookl 
aann, thanfore, that even tbe aimple glyniridos io the liver are 
laffely eoaponnda of acids whieh have undarguoe tbe d—tium- 
tioa proeeai; in ao far aa tbey are not, they eonsiat of the raw 
natorial not yet dealt with in thb way. The r«i«tion inVDivvd, 
therefore, ia not on« that ia carried out only in the lipoid mole, 
eulea of whieh we know aa y«t ao little but is comparatively 
acenHlble, and there ii fair frouod for hope that farther work 
on the BubjiYt may bring to light much more that ia dellnita 
with regard to it. 

The sane sort of change clearly has been carried oat In 
the eaae of the fatty acid* foumi in the liver of flsh lika the 
ood, which yield an oil with a high iodine value. A must inter- 
aating iaveattgation iol^i the nature of the adds contained in 
eod-liver oil has been carried oat by BulL He prepared the 
BMthyl ealera of tha fal^ aeida and distilled theae in va4B0 
bietioiully. Pram tbe different fraetiaoa be iaoUtad. In kddi- 
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tion to palmitic, stearic, and oleic acids, myristie, the saturated 
acid with fourteen carbon atoms, and three other acids of the 
oleic series, one with sixteen carbon atoma, clupeoleic, corn*- 
sponding to palmitic in the saturated series, one vith twenty, 
called gadoleic, and an erucie acid with twenty-two carbon 
atonu. 

None of the acids isolated, however, account for the high 
iodine value of the mixed acids obtained by sa.pODifyiiig thia 
oil, 150 or more. The isolation and characterization of acids 
with more than one double link is a matter as yet of considerable 
difficulty. The moet de&nite results have been obtained so far 
by oxidizing the mixed acids with alkaline permanganate in the 
cold. Saturated ajcids are not attacked, unsaturated acids be- 
come saturated by the assumption of hydroxyl groups. Oleio 
acid thus becomes dihydroxystearic, lineolic becomes tetrahy- 
droxystcaric acid, and so forth. These hydroxy acids can ba 
separated, purified, and identified, tliougb the yields are not 
always very satisfactory. The further oxidation of these hy- 
droxy acids on being heated with permanganate results in iiiB 
cleavage of the acids into two parts, at the position of the 
original double bond. Thia is one of the ways in which ordin- 
ary oleic acid has been shown to have its double link exactly in 
the middle; for the two acids produced each contained nine 
carbon atoms, one being a di- the other a mono-carboxylic a«id j 
thus 

C,H„.CH = CH.C,H„.COOH 
Oleic acid. 

C,H„.COOH + COOH.C,H,..COOH 
PelaJV^^nic acid -|- azelaic acid. 

AnoUier way of studying the unsaturated acids that has I 
much used is to saturate them wth bromine and examio« the ' 
products. The more bromine these contain, the more limited 
is the solubility in ordinary solvents. 

Hartley has for some time been engaged on the study of ' 
the fatty acids present in various compounds in the liver of 
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The KaulM will wry >horUy b« published io fall, 
B of the mor* tOriking mulU of hU work may be 
rtUadMl U> bere. On oxtdmag with ppmungKiiat*) in the cold a 
dihydrotyiteano aeid is obtainn] which baa a diffenmt nieltioy 
point tnm that of tlw dihydrox>m«aric acid obUiacd from 
ordinary oklo arid or from tfae pig's adipoao liMii« fat. On 
farther oxidation thb aeid breaks up but dots not >idd pdar- 
■ooie and aaeUic add u tiie oleic acid in. for ioBtaoee, the 
cowDtal Cat of pifi doM. Hartley obtained pdarKonic acid 
fnun thia btter, but wHh tha Mine traatnent of th« dihydroxy- 
itMrie acid from the pig's liv«r h» obtained again and again do 
velatil* fatty add bat oaproi«. Tbii >eein> to imply that tb« 
doable bond in the hepatie oleic acid ia in a diffi>rtnit sitiiAtion. 
not in the middle but oae-third of ibf way dnwn the chain 
■tarting from the nnondised end. This. then, would be on 
iaatanM of the tranaposition of the douMr bond to which rvfer- 
vee WM made earlier in the leetare. 

The floostititticsi of none of the linolde acids that occnr in 
Datura, the ei^taen carboo adde with two pain of nmatar- 
aled aarboo alonM. ia known. It ia not known, that is to aayt 
when the doabla linka oeear; there b obriooaly a largv oumber 
of eonodrable ntoatiotui in which they mieht exist. Hartley 
baa obtainMl from tiie fatty aoida of ti>e pig'H liver ooe tetra- 
hydroxyatearie acid which OMlta sharply at « temperature a 
Uttk above that ginn for sattrie acid, the t«trahydroxystearia 
add oblainad from Tsgatable oils, and which on analyaia gives 
flgnrss igraeing exactly with the formula C,,H„0«. He hsa 
obtafaiad also a eertaln anoont of evidenee indicating the pres- 
anet of a aeeaod tatrafaydnzystearie add in the oxidation prod- 
■eli of the Hrer fatty adds. This latter is more salable in boU- 
faif wat4>r and baa a lower nwlting point (ban the fomuir. If 
podble it is hoped to identify the products of farther oxl- 
D of these adds derived fnim tbr linnleir acids in the pig's 
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dut of the onaatorated adds in this orgsn and to be pno> ^M 
' dpally raqMosible for the high iodine rdtH> of tbe hepatic fstly ^H 
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But ajnong the hydroxy acids which Hartley has 
is a curiosity ; one that from its solubility in water must evT 
dently contain a large number of hydroxyl groups. It crystal, 
lizes well, and melts sharply, and on analysis gives figures 
agreeing exactly with those for octohydroxyaraehidie acid. 
This indicates the presence of an acid in the liver which has a 
chain of twenty carbon atoms and four double links. Further 
evidence of the oecurrence of this af.id he obtained in the for- 
mation of its octobromide on treating the acids with bromine. 
Anyone who has estimated the iodine value of the fatty acids 
from liver fata or oils must have noticed a precipitate that 
is formed by the iodine solution on reacting with the fatty 
acids. In the case of the acids from the pig's liver this pre- 
cipitate appears to contajn no hesabromide and to be composed 
entirely of this octobromide. This substance is insoluble in 
every solvent that has been tried, and is isolated only by extract- 
ing the bromination products successively witJi ether and ben- 
zine. This, of course, is not a very satisfactory way of arriving 
at a pure product. But several distinct preparatioDS of the in- 
soluble substance left have analyzed correctly for octobrom- 
arachidic acid, and, taken together with the analynis of the 
oxidation product mentioned above, this seems t^ be fairly 
satisfactory evidence for the occurrence of this remarkable 
acid, CjoHiaOj. Hartley estimates that it is present in fair 
amounts, and constitutes perhaps 8 to 10 per cent, of the acids 
in the pig's liver. An acid of the same formula is thought by 
Bull to be present in herring oil, whereas Tsujiinoto obtained 
from this oil and from Japanese sardine oil an acid with eigh- 
teen carbon atoms and four unsaturated links. 

There are. indeed, clearly, yet things to he learnt wit 
regard to the fatty acids of the liver. But a beginning 
been made and indications exist aa to the nature of the biologiea] 
significance of some of the facts that have already bi^'cn det«T- 
mined. To assign its place in the mctaholism of fatfi to tiiis 
remarkable acid, however, is a task that we are not as yet 
equipped to undertake. It may be a product of that synthetic 
activity of which there is some evidence in the liver; but it u. 
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imponible to say. Small tracn of arsehidie acid oecor in 
butter, and the corresponding alcohol, with twenty earboo 
atoDU, has been found in the fat of dennoid cyata. 

The more one works at tfae aubjects on which I have had 
the privilege of addreaaing you this evening the m<»v be be- 
comes aware of the difficulties and obscurities that confront 
him. Id view of these tfae few facta I have been able to muster 
present but a thin array which I have in vain tried to stiffen 
with thinner apecalationa. But a fact or two and a few changes 
of hypothesis constitute the journeyman investigator's stock 
in trade. And I have laid mine before yon in the hope that you 
may be interested in them and in what I hope tbey may lead to. 

BEFEBEKCEB. 
' Archiv fiir nperinmitdlr Patholo§rte und Phumskolofpe, 1906, Iv, 

180.344. 
* Hntm*'mter't Beitrsgv, ii, 261. 
'JnnnuU of the CbemirsI SociHy, 1»0t. 170S. 
' Jnomal ot Phyiiiolni^, xixv, 24. 
MmirnaJ of tfa« Cbnnical Kociety, 1007, 1A31. 
'SchmiMrlwrK'* FMtj^hrift, Iflw. 
' KrfrrbnJHw drr Phyinolo)ne, 1003. 
■Brit. Mrd. Jour., Kfflt. 28, 1907. 
■ Vin-how'i. Arrhiv, viii. 127. k. 426. 
' Pmhiraiii in AnimsJ Urtabntinni. m < J. Murray, 1906). 
" PfliifTPr'ii Arvhiv, xxxi, 11. 
" ZeitM-hrirt fiir klininrhe Htdirin, xxxvi, 2.12. 
"Jnumsl nf PbyNolnBT, xxxvi, 17. 
" Ibid., lii. 371. 

"Journal of tbe Cbemitvl Swifty. 1004, 1708. 
"Journal of Phyitiolofry, iu%-i. riii. 
"Ar^biv fiir ezperimentelle Psibologie und Pbsmakologie, 1905, lii. 

173. 
"Unnt, Jan. 9. 1909, 05. 
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SOME FUNDAMENTAL FACTORS OP PATHOGENICITY AND 

INFECTIOUSNESS. 

IP the animal body and the bacteria were absohitely fixed I 
their physiologic character, varj'ing in these neither qufti 
tatively nor quantitatively in the adaptive sense when brougU 
into contact with each other, it would probably be a mnch s 
pier matter than it is, t« determine by careful study and 
experimeut the exact factors underlying the conditions of 
pathogenicity and infectiousness of micro-organisms, snd the 
reasons for the weakness or strength of the body when invaded 
by them, and we might thus, from a knowledge of the physiology 
of any given animal and bacterium, prognosticate the result 
of their activitica, the one on the other. While this, of course. 
IB not the case, still there are certain more or less fundamental 
requirements which experience has taught us must be met by an 
organism to be infectious for any given animal, and by infec- 
tious I mean the ability of an organism to live and multiply in 
the animal fluids or tissues. For instance, an oi^anism which 
is shown not to grow at the body temperature of warm-blooded 
animals may safely be assumed not to be infectious for mich 
animals; and experience is gradually teaching us that strictly 
aerobic organisms, those thriving only in the presence of free 
oxygen and not able to obtain this gas in available combinations 
from carbohydrates, can also safely be excluded from the inf«o> 
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^ SOME PROBLEMS IN IMMUNITY Ml 

^H tiotu fJ— . W« hare ilso letmed that uiwrobie orgmowns, 
^V •Ithoo^ infeotJouB when ipuDing entraoc? U> tiioHics Dot aboiu 
H duitly rapplied with blood, uv pnu-ticAlly unable to maltiply 
H^ In tlie blood ■trMm and give riae to genuralizod infcrtiona. 

Than are a few facta mcb aa tlu«c which ohm ia oar 
I, gained from a tlady of thfl oritKniKm apart from tha 
I body, form the basis for opiniotu aa to thfr mtira ex- 
rJoaioD of nrKaniaim frnin the tnf(*<^ioiu claai nr aa to ths 
rOTtridtioD of tbnw nrfaoiatDH to opitain body rvfnona daring tlw 
life of the infecird animal, and which giw lu by aimpl* enltaral 
experiiaeota and knowledge of the trtlvfX of phyairaJ enviroD- 
mi*nt an idra aa to the ponible infwtiouan«ai or non-infeiTtioua- 

»nam of the organiunn nnder eonnderation. 
Moat of tho other foclon dolermining infivt)otisD««a nr (bp 
diatribation of organiams in thi^ animal bitdy roual be worked 
nat in each ease by actual animal rxpcrimenta, and ercn after 
yeani of rzperimenlation many of tlinie faotm are little known, 
for reaeanhea bare demonvtrated that bacteria sbiiwing little 
or no diffetrnt^ ia llu>ir phj-airal and chemical requirenienta 
nndar enltivation differ widely in their effecta on ttu; nmtiut ani- 
nal Mnnoniy, and that eren the aame organiam may Tmry 
frwo tine In time in ita effecU on the aame apeeiea of animal; 
ao that it ia obvioua that pathogenicily or even lafeotioaanaai 
ia not an ineonditionale eharaeter at all gernia or emi of thoas 
known tn ban been pathngEnic 

rAoroM op AoaoMHw urn oKrmai op tkb mtmo-oaaunutK, 
It ia my dnrire tn foeoa attmtian for a whila on mm of the 
facta whirb hare been worked oat in regard tn the chief Cartnn 
of ammwinn and defence of the micnM>rgani«Bia, laying aaida 
for th« time being the ipcriaJ animal body in which theae nuy 
ba aethre or, indeed, alone cAlled forth, and Mwaming that the 
organiana pcaaiai all iif the obriniuly requisite characlera for 
the rAle of infeetioua grrma 

In th? flnt plar«, I think, it ahoald be made clear that in- 
fectioumeat and pathflgmirity are not synonyinnaa terma. An 
,Organiam may be exqoiattely infeetlnaa — or, poaibly battar, 
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parasitic — for a given animal, and yet its pathogenic effecte may 
be of extremely slow developiaent or almost nU, while another 
germ may be extremely pathogenic and yet little adapted for 
the life of infectiousness or parasitism; the very fact of its 
non-adaptation may apparently, in some instances, be the cause 
of its patht^enic action. Other organisms may have lioth 
requisites for the struggle with the opposing animal forces. 

To understand more fully this point of view, it is necesBarj- 
briefly to recall certain facta which are known about the physi- 
ology, metabolism, and composition of the baeteria, and of their 
ability to neutralize directly or to respond adaptively to the 
agents directed against them by the invaded animal. Some of 
these facts are so well knon'n that passing mention alone is 
sufficient: such, for instance, is the fact that certain micro- 
organisms, especially the bacilli of diphtheria and tetanus, 
secrete soluble poisons both during artificial cultivation and dur- 
ing their life in the animal body, which poisons are eminently 
toxic. These poisons are true secretions and are largely ind^ 
pendent of the composition of the surrounding medium bo long 
as this favors the physiologic activities and gi-owth of the germs. 
Such germs, then, once having gained even an insecure foot- 
hold in the animal body, by no matter what favoring rirciira- 
stances, are possessed of a powerful weapon of offence againut 
the sensitive physiologic bases of the host, and of defence against 
its more immediate and mobile means of combating the germs 
themselves. In the case, however, of most other pathogenic 
bacteria, the secretion, at least in artificial media, of such 
highly soluble and potent poisons has not been demonstrated 
SBtisfaetority, although certain investigations point fairly con- 
clusively to the production of some minor bodies which have 
been shown to act deleteriously on the red blood-cells and ou 
the leucocytes — the hiemolytic, leucncidic and leucolytic ai 
stances which are looked on as probably true soluble tO] 
like the toxins of diphtheria and tetanus. Other investigatii 
support the idea that there may be still other true toxins 
secreted by these organisms, which also give rise in the animal 
body to the production of tnie antitoxins; i.«., which are found 
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I to be nmtrmltsed by ibvir antiMra, unit for unit, Keeordiog to 
I the law of moltiplcR, jmt ai tun diphtheria and tetanna uaixm. 
Other minor poiaona may in anme instances be demonatrUad 
in eoltiire madia, and also may pontbly be formed in the aoimal 
body by the metabolic artivitiea of the germa. Theae are either 
«mply waata pntdncU of metaboliam or bodi«a doc to the 
denompontion nf Ibe nutrient media in whipb the germa an 
growinfr. These bodies arv usually referred to ax ptoraaJnea. 
and differ entirely from the true Rocreted toxinii, both in tbetr 
rht-miral ecimpositiun and in their physiologic arlion, rpaeiD- 
I bling ill both of these the alkaJnida. They are not known to 
■ give nse to aotibodiea of any kind in animals. Apart from ril 
the poiaona just mrntiooed, i.e., the toxins, hamdyahtt, Umoo- 
fiidioa and ptomainw, there b anppoaed to exist a moat vitally 
important and intereating group of poiaooous aubataiwca. the 
mmmIM mdotoxina. Tbaae, m far aa our knowledite KMI> 
arc poisoiw rather finnly aeated io tbe bacterial n>U, which are 
tiet aaeratad io oar ordloary eoltoral media, and are suppoaad 
by moat obaemni not to be separable in the animal floida and 
ttaraca (mn the intact baetcrial cell. Theae poiaoos may bo 
damooatnled in old cuIIuitm, in whkh tb« bacteria are dead 
and diaintegratliig or nndergoing aatolyna — although Pfeifhr 
dnai Dot eonidar aalolytic prodnrta naonsarily aimitar to rD<IO' 
tnattna — or they may be ofatained by doftmyiag the hanteria 
naehanieaUy by pr««surr and grinding, or by breaking them 
while froaeo. In the animal body they are said to become 
fraa iriian tha bactena dif and decompose nr arp diainlegratad 
by tha digestive NxJies by which they have been attacked. 
"Tbaaa eDdotoxins are recogninrd by the fact that tbey do not 
call out tme antitoijnn which iiecnme free in the plasma and 
aerom, but do, neTrrthclean, lead to the formation nf digea ti ve 
antibodiea. theae not fnllowing. hiiwerer. the "law of multj- 
plea" in protMting infected aoimala from tbe poisooa. The 
liberation of theae poiaoBa by the deatmetion of baetrria in tha 
nimaJ body is boat illoatjaled by tba a»-«aUed pbanamapoa of 
Pbiff^r which taJtea plan wban eholsra vibrioa and (oumuM 
aholara aenua are iatrodneed into tha paritaiwal earity of 



I 



■" M 



M« 



HARVEY SOCIETY 



ne to tim^^l 



guinea-pig. If specimens are withdrawn from time 
from the peritoneal cavity of an animal so treated, a rapid swell- 
ing up, disintegration and disappearance of the vibrios can 
readily be demonatrated. The organisms apparently do not 
multiply in the animal body under these conditions and 
almost immediately destroyed. This disintegrating power 
also claimed for the body fluids ctf normal animals and is su] 
posed to be demonstrated by the following esperiment. When 
graded quantities of a fresh eholera culture are introduced into 
the peritoneal carity of normal guinea-pigs of equal weight, 
the following phenomena can be regularly observed : Mini] 
doses of the culture produce a febrile condition which contiu 
for a few hours with no serious symptoms. Slightly lai 
doses give rise, after a short interval, during which there 
fever, to a marked drop in temperature and definite symptoms 
of cholera poisoning — muscular weakness, twitching and general 
prostration. These symptoms of poisoning then gradually 
disappear, and after twenty-four hours the guinea-pigs 
again normal. If the quantity of cholera culture injected 
carefully increB;scd up to the minimal lethal dose, the ani] 
dies with all the symptoms of cholera intoxication, but 
autopsy the peritoneum is found to be entirely sterile, or oi 
a few isolated cholera spirilla are found, usually inclosed 
pus cells. Finally, if larger quantities of living cholera spi 
are injected, the peritoneal cavity shows a profuse, 
sometimes hemorrhagic exudate, which contains innuntei 
actively motile micro-organisms. The point of interest 
this esperiment is the demonstration of the fact that 
normal guinea-pigs which receive enough of the cholera vibi 
to prove fatal have destroyed the vibrios and presumably di» 
from the poison thus liberated, and not from poisons secrel 
by living vibrios, or from an overcoming of their sj'stems by 
die rapid multiplication of the organisms. It is only when the 
animal syRtem is previously flooded with an overwhelming 
dose that the vibrios are found alive and multiplying ei 
locally in the peritoneum after death. This does not 
however, that no multiplication ever goes on hand in hand wil 
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the dastmctiOD of the gtrmx iu the ii](oct«(l Animal; on ths ^^^ 

eoomrj, nieh » multipUcatiou is probably the rule rather tbia ^^M 
Um «zoepti(», an hu be«n Bhowti fairlj' concliutivoly by the ^^| 
Mpttritnefliti of Radziewsky, aiid wait lieaiitifully iUiiiitrated by ^^| 
■n caperimoit of Pfeiffer and WaoBermaati. who aft«-r hariag ' 

■bown that the blood ■emm of honum bctugs who have reooT- 
■nd frain Aciatu) cholera baa the power to protect pjiaea-piga 
from ordinarily fatal dotes of cholera spirilla, even when used 
in high dilutions, thou proved that this protwtive power is 
not an antitoxic one, but dep«ada largely, it not eotirvly, on the 
ability of the serum to aid id the inunadiate dinolution of the 
Tibnos. Thus anioials which received mly a fraotioo of a miUi- 
graniBM of suob a srrum were able to bear the injection of a 
loopful of virulent ebolera vibrios, practically without reaotioa, 
while emtrol animals sncoombed to on4.>-fourth uf the duso with 

■ typieal symptovna. Now, however, if the dose was inorvased 
lo three or five loopfuts, not even ten thousand times the 
oriifinal amount of the serum would prolset Uw animals against 
the inoculation. The toxic effecta may. in faet, as shown by 
Pfeiffer, appear with extraoidinary rapidity, so that in these 
animaU the tenip«ratura may show the lethal drop within two 
boora after inotralatiim, while eantro) animals which have 
neaivad the sane quantity of cholera germs without the sonuo 
maj not show a similar lethal drop in temperature for four to 
fln boDTi. 

An explanatiuD of the results of this semn is foand, prob- 
ably, in the faet that guinea-pigs are able to withstand a esr- 
tain qiuntity of the intraeellular cholera poiton (•ndotoxin) 
which may be npnsenled by one loopful of a fresh ettllnre. 
If the animals ant given aaiaUer qoanthles witbont the ssnun. 
My ou#-fpurtb to one-half loopful, tbene may jnueaae for a 
time without prodneing maritsd synplona. Parallel with the 
taersMe, however, the pheaoneftun of g«rm deatmetion is golni; 
«n and eharaeteristle synptooHi of intoxkatioa appear at the 
Bumeat when the non^ier of vibrica destroyed baa beoome ao 
larga that it oorresponds to mora than nne loopfnl ^ ths 
^^ abolcra enltur*. Ao animal will tbos withatand a enltora of ^^t 



846 



HARVEY SOCIETY 



e does no^^H 



any size when mixed with immune serum, if the dose 
exceed the limit of intoxication before it is entirely destroyed.' 
On the other band, when guinea-pigB receive Uie larger dose 
of three to five Joopfuls, the serum, not heing antitoxic, is not 
able to counteract the fatal effects of the liberated cholera 
poisons, but, on the other hand, enormously increases the rale 
of destruction of the vibrios, and hence intoxication sppeara 
earlier in such treated animals than in the controls receivii 
the organisms alone. 

I have selected this clasaie cholera experiment because I ft 
that it illustrates the most extreme limit of the endotoxin points* 
of view, and, further, because the cholera organism, standing 
at one end of the seaie, is the moat extreme example of patho* 
genicity by virtue of its own destruction, while the diphtheria 
batiillus at the other end is one of the classic examples of 
pathogenicity by virtue of secreted t«xins. Neither of these 
organisms is truly invasive or highly parasitic, and both are 
harmful usually by the action of their poisons alone and acting, 
as it were, from a base of supply on the periphery of the animal 
system. Between these two extremes stand all grades 
infective germs. 

These two organisms are typical examples of their kind, 
there are few organisms which secrete such highly toxic soluble 
bodies a« do diphtheria bacilli, and there are few so susceptible 
as the cholera organism to disintegration within the animal 
body; and yet there are many germs which are extremely patho- 
genic, and in many cases capable of severely and detrimentally 
infecting the animal body. In view of tliis unquestioned fact, 
I am of the opinion that the teaching which considers all poison- 
ings as due either to true soluble secreted poisons, or to true 
endotoxins liberated only on disintegration of the bacterial cell, 
is too narrow ; and it wimid seem probable that many organisms, 
possibly all, secrete bodies which are not soluble in their con- 
dition at secreljon in culture media or in the body fluids, but 
which are susceptible to digestion in the animal body, and may 
thus become soluble and assimiliable, and when toxic act harm- 
folly on the body cells. This question is an important one and 
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I thiill iptwk of it later. Beaidea theae acUrely poisonotu 
bndifli which we have liccn i»niiidning, th«rv Br« probabljr 
bndin iui^h u sntne at leaot of thp hodiMi palled aggrenins by 
Bait, whirJi. whilp ml bping toxic in thvmM'lvtw for thv animal 
body, nenrthelflK an* adive defpnuiTc affcnta of the bacteria. 
probably neutral iEing eertain iNxliea of the anima] fcmamy. 
wfaiefa un initirntly injurimw to th» bm'tma. Further than 
this, certain baeteria may be fuminhed with envelopea, capable 
poadbly of protMiing ihem eithrr rhemieally or pbysirally from 
hamtfol infltMineea. 

In thinking over these queations 1 have ifained aome clarity 
of eoaevptian, baa^ on viaiial per^plion by «ompaniiff aome 
of the pntdneta of palhogenie bacteria with bacterial pigments 
and with inwituble iiit<*ratitial or intertfllular tmlwitanre, which 
may be im-n accompanying bacteria io coTcr-glav preparatiooa. 
Botable toxio nM-reticnB are to be oompaml to such pigmenta ■• 
the pyoeyantn of BaeHttu pj/ocyanens, wfaieh )t n nadfly 
•olitbic in ctiltare media; endotoxim proper to pigraenta coo- 
fined tn the haeierial ceil, or at ImhI when ararrtxd. beion 
inmlnble in culture media, nnch, for inatancc, as the well-known 
red pigment of BaciUut prodipiotma, which may often be Been 
free among the bacteria in irngnlar red grannlca like camine 
powder. That tiodica such aa thta latter might be extmded 
trm patboRenic bacteria, and not be wiltiblc in the uaual 
culture floidi, ia not improbable, and the fact that more or lew 
inaoloUe intentitial vohatanMi mrt not (nfrniumt amoog 
baMaria ia well konwn. Atnnog pathagenie gmna these chaivc- 
tan, in my experience, are umally, if not alwayi. more maritad 
Id freahty isolated cultnrea. The sticky, alnxMl slimy diarMtar 
'«f eolturea of meaingocnccna may Ite recalled, a character whitk 
Ivnda to disappear after a few giverattutw of arti6elal soltHv* 
tlan, and the highly mnctiMnia capaale of the 8tr*jttoeoetna m«- 
ODM which l^nds to decmiae noder artificial cnltlrattoD, ■■ do 
also the capsules »f pneonKnocei and strTptoeoceL 

Now, it seems to me — and this riew has Iweii supported by 
Walker. Ueiitach. Vslcb, and Ebenberg, and ia. ia fact, but 
■n axiom which would be reeognind imoediatriy by any ttvined 
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biolo^t — that all tait^ro-organismB will adapt thentselvee bo 
as is permitted by their physiolo^c peculiarities to the streM' 
of the environment, the exa^t direction which this adaptatioa 
will take being determined by the eharaxiter of the environment, 
chemical and physical, and the physical, chemical and physio- 
logic characteristics of the germ involved. 

Thns we might have a germ increasing its toxin output in 
the face of neutralizing stimulL Or we might have germs which 
are more especially opposed by lytic bodies, either increasing 
their receptor apparatus, as has been claimed by Pfeiffer in 
the case of virulent cholera organisms ; or a more efficient pro- 
tection can be conceived in the furmatioa or increase in thickoeas 
and impermeability of surrounding envelopes, or extruded 
neutral substances, which are not soluble, but remain adherent 
to the germs. Eisenberg has developed this latest idea in b'la 
ectoplasm theory, and, indeed, it has long been recognized that 
capsule formation may be simply a response to unfavorable 
environment and a more or less efficient attempt at protection. 
It is certainly true that a number of our most highly adapted 
invasive germs, such a^ anthrax, pneumococcus, and the orf^aa- 
isms of the hemorrhagic septicemias, do develop capsules in ths 
animal body; and the most virulent strains, it appears, have this 
formation most highly developed. 

The fact also that many of the non-eapsule-fonoLDg organ- 
isms appear larger in tlie fluid of fatally infected animals lends 
some support to such a view. 



DEFENSIVE FACTOBS OP THE ANl&UL ORQANISM. 

Thus far, in considering the means of offence and defence 
at the command of the bacteria, we have largely left out of con- 
sideration the animal organisms against which these are directed 
in an adaptive way, or by the changes in whose functiontiB 
metabolism, tissues, cells, and fluids, we ore largely made aw 
of their existence. 

The internal defences of the animal body — and with theM* 
alone we are concerned — have largely been elucidated through 
morphologic investigation of cellular activitiea taking place ia 
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Uw B&imBi bcMly ur under controlled condiUoas id the tort^tubo, 
and by Tisible retotiODa taking place in toet-tubcs between the 
fluids of normal or imniuiitii.-d aniiuaU and ttui bacteria and 
Ibeir producla, and, finally, by ihn niore jiurely phyaiologic 
tacU of the prot«ctin; power and mechaniun ot action ol animal 
Huida or ttxtracta what introduced into another animal of the 
■aiDfl or different apeam, along with the bacU^ria or their 
producla. 

Soch atndiea have, aa is well known, affordml a vaat amount 
of informatioo. Tbn)agb them the aoluble ai>crpt«d bactoial 
puiMOB have be«a deiuooatrated and have been found to stimu- 
late the prtMluction of neatrolizing bodiui, tlie antitoiiua; bac- 
teria and their enltnre filtrate* have been abown to call forth 
bodJM which are pnwmt in the Berum of animals Inratnl witJi 
than, and which cauae a preeipitatiou of certain bacterial ooo- 
irtitoaota of the filtrate — the precipitins ; and in jcctiona of ani- 
mala with bacteria or their prodiicta hare been fiinnd to cause 
the pmdactiiin of bodies which are preaent in the serum and 
which have the power of agglutinating the bacteria when 
broncht into couUKt with them— the awlutina; and other bodiea 
are bkewiae prvduwd which are cspahle under proper cao- 
dittoos of kilting the baeteri* — the baeterieidal i 
or enio of disaolving them as we have neen in soine In 
the bacteriolytic sutMtautwii. All of these bodies nay be damoa- 
■traled b the aerum of oertain normal animals and may be 
dunm to be incrvaaed daring the immuoiaatioD of thaw animals 
with baeteria or their prodoeta. The complemratlnc body, bow- 
ever, which is noeeaauy for the activsUoa of the baeteriddal 
and bacteriolytic bodies is not known lo be inrmaml daring 
immuniiatioii, at least so far as its prcaanoe in the aerom ia 
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TboB facta we ban leanwd from the atady of the aenn ; 
on the other hand, the morpbolugic loTeatigatiMta inatigitad 
and carried on largely by Uetehnilcoff and hia foUowen ban 
tangbt na the great part which the fonnsd alementa of the 
blood and lymph play in the proteetiiai against and care of 
I d i w iaBi, and the importanee of tbt polymorpbonadaar 
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and large mononuclear leucocytes as phagocytes is now 
recognized. 

Of these cells, the polymorphonuclear leococytes take a 
very active part in the ingestion and destrnction of baoterts, 
while the large mononuclear leacoc>-te8 and endothelial cell 
especially those lining the blood-vessels and body cavitii 
although also able to ingest bacteria directly, are chiefly acti' 
in taking up cells of animal origin, principally those which 
necessarily, in the normal course of events, belong to the aame 
animal and have probably become injured or have suffered 
death. 

lb is not. in this connection, to my mind, a far-fetched 
to suppose that phagocytic cells may depend naturally on 
cells and bacteria aa a part of their repilar ftwd supply, 
polymorph on n el ear leiieoeytea may thus depend to some ext< 
on the ever-entering bacteria and their remains; for. 
know, bseteria are constantly entering alcmg the regnlar ehan>' 
nels of absorption; and it is just as obvious that numbers of 
blood- and tissue-celts are constantly dying out and must be 
disposed of, for such processes are always in evidence in 
spleen, and the ingestion of polymorphonuclear leucocytes 
the large mononuclears can be observed wherever leiw 
are collected in exudates, due either to infections, poisoiiB, 
supposedly benign irritant>t. The simple fact that these eel 
retain the basic physiologic activities and an ability to 
and digest food in its crudest form, which ability was the heri- 
tage of their free-swimming ancestors, and that they have not 
suffered the total specialization and ph.>'8iologic degeneracy of 
the fixed tissue cells, is sufficient evidence to my mind to 
rant the conclusion that they ore the most active factors in 
protection of the specialized internal tissue-cells, which eonti 
the general metalwlisni and higher functions of the animal body, 
I would call attention here to the fact that the leucocytes, 
alone probabl.v of all the true cells of the body, are entirely 
independent of the nerve control, are subject alone to the stirai 
lation of their chemical and physical environment, and are thi 
ausoeptible of adaptation to various purpoees which would 
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I ftlfci ibSil ti sdb wnmillKl by tiw tu-rv? meehaoiam 
pfpr the ipoeial fatwtioiu of the orgaaitim at large. Purtlier 
I than this the death of leucocylM dum not iDStttr, an would the 
I death uf ipecialized and Derve-controlled cella, for do special 
} BM*tabolic or functional dt^rangeinent ocean from their 
\ dertniction. 

By citing thia indepeodcnw of the leuoooylM I would not 
have It undrretiiod that thry have not vari^ni fnnu primitive 
amceboid ctIIm. for imdoubI<^lly their life and proper function- 
tog ia largitly determined hy the Rpei!tal plasma in which they 
live, and it may be that their food, although at timea crude 
compared with that of the other body cells, is neverthelsM often 
prrparad for Ibtim by procenMS going on in the plaama. 

QoHrttoiu relatiDg to the independaiee and to the intemla- 

titm of the plasma and lencooytes In their aetJou on invading 

niero-organianu and the ai^ion of plasma aa compared with 

vaenun have been ground fnr sclentiSc strife for maoy yean, 

I Mie aide botJy conteodinic fur the aetitity of the plasma, the 

r other for the activity of the phagocytes; the humoraliat at fint 

Mi^ectinff, if Dot alMolntrlT forp-Uing. that a fluid ean not be 

idf'TepleniiUDg, while thf aujiitorten of phagocytnBi largely 

Oferlooh a d the fact thnt plasma is not necessarily an inert 

Bmtraam neh as unit solution. 

Wkile tbesK differenrw have been to mom extent adjosled 
bjr ths theory aod worlt of Ebrlieh. an i«Hii»M««t« point of eon- 
Imtkm ia atiU the question of the similarity of aetloa of plaama 
■ad aeran. The hnmond school contends that the alexin of 
Bnduwr — eompleraent of later writrra — is secnrted into the 
plaama, while the Metehnlkoff aebool claims that it is only given 
op fmn injnnd leneocytm In the body, and to the serom dof^ 
iag eciaguUtian. The MetehniknfF school admits, however, that 
the unbofepton neei^ary for baeterieidal and baeteriotytia 
■ertioD are formed in exeea io the pbafoeytea, and given off 
trnm these to Ihn plaama. yet sMirts that they are inaetiv* for 
lack nf tJie mmplemmt whieh is normally rrtained in the leaao- 
cytea, sod that they dimply prolan* the baeteria for complete 
I is the lencoqrtea. The tditioo of the baeterii^ytia 
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amboceptors to iatracellular digestion is not settled, although 
it seems illogical for a digestive body to be produced in excess 
that has not arisen from cells by the stimulation of its use, 
and, Bs the leucocytes taJcc up the bacteria, they are the most 
likely producers and users of this body. 

In 1894 a further adjustment of differences look place, wl 
certain phenomena observed by Denys and his pupil Leclef di 
onstrated that the act of phagocytosis when performed 
serum, in some instances at least, was dependent on the presence 
of substances in the serum. Thus they were able to show that 
leucocytes removed from normal blood and placed with bacteria 
in immune serum engulfed the bacteria actively, while leuco- 
cytes from immunized animals mixed with bacteria in normal 
serum took up the organisms no more actively than the normal 
leucocytes. The bodies inciting the pha^cytosis must ob- 
viously, then, tbey concluded, be in the serum. "Whether these 
bodies acted on the leucocyte or on the bacteria was not 
determined, but Denys concluded, in 1898, that the bact«i 
were directly affected. The fact that the action is exerted 
the bacteria waa recently determined positively by 'Wright 
normal serum, and by Neuield and Rimpau, independently 
"Wright, for immune serum. These bodies have been 
opsonins by Wright, and bacteriotropins by NeufeM, and bai 
been shown to attach themselves to the bacteria and thus pre- 
pare them for ingestion by the phagocji;e8. It has also been 
shown by various observers that the more virulent the germ, 
the less susceptible it is to phagocytosis and the more potent 
the antisera must be to permit of the ingestion by the cells. 

If now, for clarity of conception, we summarize briefly the 
disease- producing agents possessed by the bacteria and the 
opposing substances of the serum and processes of the animal 
body, we find the true toxins, including probably leucocii 
and hiemolysins, opposed by antitoxins which become free 
the plasma ; the bacterial bodies and probably the endoto: 
opposed by leucocytes, and possibly directly in the plasma 
lytic nubstances formed of amboceptor and complement, whit 
either kill or dissolve the bacteria and tree the endotoxins, 
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■ do not rwatralize them ; Kud, third, w« hjire probably certain 
■ which oppou tfa« opconins, and thus prerimt pha(ro- 
inbopaonina — bodies which may ponibly be the so- 
ds of Bail, and which a^1^ present in exudates 
, althoogfa not tosio in thpntaelvn, tnciraM the iDrmtioaa- 
■ of the bacteria with which they am injected i and, finally 
) to bacteria and their broth filtrates we have the a^gln- 
tinina and prdcipitinit, Uie activitiet of which ant manifest in 
serum, but whose relation to immunity is not altogether obvious, 
■ they have not bepn shown satiBfactorily to brinir uttout aiCKlu- 
1 or precipitation in the animal body. 
While all of these difl^erent fimrtions and chemical sub- 
■ M s rd by aiiifflals s» a clatsi. it is benoming mons 
1 mors obrioos that these are not always present or aetive in 
t dagme, and that then are reeoipiixable differeDcn in 
B pmteetfve meehanisn of diffa«nt animal species — in speines, 
I fart, not far removed from each other in Uie natural elaad- 
»tion. An explanatloa of 'reaeUonaloagiven infeetioo whieh 
dpplies in tbe csae (if one ipeeies is not, therefore, obvioody 
applicable in the rase of another species. This is true not oaly of 
tbe neehanism of pmterlinn as It takes plan- in the senun of 
d MWr w tt animals and in their pluma. but also of phagoeylosia 
•ad phaitoeytiB difcstion and the faetim which noatribute to 
tlw perttetion of these proc«Bsea. The constant stnmbling- 
blodt in tbs way of a emreet interpmutlon of prDcemni Roing 
oo Ed the animal body is oar insbililr, as we havi^ wnm, tn arftae 
from aerum phenomena to phenomerut orrnrrinit in the plasma. 
A failure to keep this in mind, althouBfa it is fully recvKnised. 
baa nndoobtedly led to many hasty oonclusions, partteulariy 
fonoeeted with the thpory of lytic immunity. Let me illoatrats 
this with a well-known rsamplc. Prrah rabbit serum is artltely 
(ermicidsl for snthrax baHlli, Aftg senim is »nt; yet rabbtta 
are eitremdy M^sitivp to a true anlhrait tnfretioD, while dofi 
w very rMiistant Ex[)«rimrat has shown that there arv lytie 
anboeepton in the sera of both these animala. but that the 
iof'm semm does not mnlain the eomptsnienl neeraaary for their 
Mtion oi the hseilli ; tbe eamplenant preramsUy hia 
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in the body cells, whereas in the ease of the rabbit it ha* possil 
been liberated from the leueocytos during clotting. The 
the d(^ IB insusceptible is, then, not because of a more active 
plasma destruction of the invading anthrax germs, but becausi' 
of a more perfect adjustment of the cellular mechanism to the 
infection, although if we simply followed the theory of the 
bactericidal action of serum and plasma aa being coextensive, 
and Uie active protective mechanism, the rabbit should have 
been protected, while the dog should have Huccurabed. The 
difference probably resides in the possession of all requisites 
for the perfect performance of phagocytosis, and the complete 
digestion of the bacteria by the phagocytes of the dog. while 
in the rabbit either the ineclianism of ingestion is incomplete 
or the cells fail to cope successfully with their contents after 
ingestion. This example has been selected because anthrax 
bacilli have been shown to contain less toxic intracellular bodies 
— endotoxins — than many other infectious germs, and the likeli- 
hood of the rabbit being poisoned by any primar>' plasma dis- 
integration of the bacilli is not very great, so that if the plaania 
mechanism had corresponded to that of the serum the ani 
should have been saved. The validity of such an argum< 
would not have been so apparent if we had substitnteei choli 
vibrios for anthrax bacilli in rabbits, for the bodies liberal 
from cholera bacilli at their disintegration are very toxic. 

Even if we were willing to admit on the evidence so far in 
our possession that the bactericidsl and bacteriolytic 
which are present in the sera of various animals are present 
active against certain micro-organisms in the same manner 
their plasma, we should, nevertheless, still have a number 
micro-organisms which are singularly insusceptible io such 
tion of the sera or plasma, even of animals highly immonii 
against them. The metliod of resistance against these 
have to be explained by » different mechnnisro, and I do 
wish to include here simple inauaeeptibility to the action of tl 
poison, but an actual destruction of the bacteria and th( 
poisonous product*. Now, if this death and destruction is 
not accomplished in the plaJtma, then, unless we postulate ■ 
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direct ezeretion of the bacteria by the liver or kidneys, for 
instance, an occurrence which is really a pathologic phenom- 
enon, not a process of cure, we must look largely to the activities 
of the leucocytes for its accomplishment. 

The serum substances which further leucocytosis have, as 
we have seen, received much attention of late, and the bodies 
antagonistic to the bacteria which are supposed to be contained 
in the ieucoc3rtes have also been extensively investigated. 

Experiments bearing on these questions make it appear ex- 
tremely probable that bactericidal and digestive action depend 
on two processes; one of these is the bacteriolytic action of the 
serum and plasma, the other the bactericidal action of sub- 
stances retained in the leucoc3rtes. As an example of the type 
dependent solely on the bactericidal substances of the serum 
or plasma^ the mechanism of the natural and artificial immunity 
of guinea-pigs to typhoid and cholera may be cited, since in 
these animals no one has as yet succeeded in demonstrating that 
substances derived from the leucoc3rtes by extraction have any 
bactericidal action on the organisms of these two diseases. 
This does not mean, however, that the bactericidal action takes 
place naturally outside of the leucoc3rtes, for the bacteria loaded 
with amboceptors are probably taken into the leucocyte and 
there digested. As examples of immunity depending on the 
bactericidal substances of the leucocytes, the natural and arti- 
ficial immunity of dogs and cats to anthrax, and the immunity 
of guinea-pigs to certain strains of proteus, may be cited, for 
in these cases the leucocyte extract is germicidal, the serum is 
not 

Stated impartially, then, our knowledge of immune bodies 
and processes stands somewhat thus : Bodies which are bacteri- 
eidal and bacteriolytic may be present in the plasma, and cer- 
tainly in the serum, wherever this is formed in a pathologic 
process, which when supplied with complement, either normally 
present in the plasma or derived from injured leucocytes or 
other sources, may be active against micro-organisms, either 
killing them or actually breaking them up in some cases and 
bodies which are then directly poisonous or become so 
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\^ ^fjCLjfJsssMSi.'L T&is is £=ppGrt«d bj tiip mppontmi Ait 
%mifis^'jt^ >r;a«^rTie extrKtt are* luc gciini gidal for iliokiA and 
Xy\/bffA ^juamJsoL. XerertfaeI<flK. intrMcIfailar difcsdon of 
th^iKr g*TC» dc^es eo OQ : h s likel J. tberef ore. tbMt iht amboeep- 
t/yn pndKf&t in the plasma. vhateTer their sooree. attaeh them- 
fkrlv^ t/y the g<eniH and aid in intraceQolar digestioiL 

Sf/D^ of thit proteases just mentioned leads to the fMmatko 
of hnttUpx'mn whieh bef?ome free in the plasma or aemm. Now, 
j/i view of thefie facts and suppositions. I bdieve that it la 
l//(pcaJ to conceive that nearlv all pathogenic genns secrete 
UkJji^i which are not readily soluble in culture fluids or in the 
tttiuU of the animal body; that these bodies are not readily, 
if at all, assimilable by non-phagocyting cells. These bodies 
may, how#?ver, l>e brokffu up by digestive bodies present in the 
N^rtjm, and frrim them may thus be liberated a poisonous body, 
which mny then lie assimilated by the higher cells of the body, 
and, when in sufficient quantity, cause death. The more rapid 
th<* pro<'i*wf of litieration the more quickly death ensues. This 
plfisma iWniminm is, then, according to my conception, a mechan- 
isrn which is faulty when applied to bacteria. I conceive that 
Uin fault occurs somewhat ss follows: Bacteria and their insolu- 
ble or non-sssimilablc products when taken into the phagocyte 
oro suhjccii»d ti) two processes, a primary bactericidal and 
rosgiilHtIng one, and then a more leisurely lytic or disintegrat- 
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inff •etioD, dnrinff which poijion<nii| products ar» probabty Uber^ 

•tad, bat dowlj cooagb to hv Ukm atrr of by DentnUinng 

bodin. Even if the 'Ieuc'x-yt4> clip«, it in usually pmmptJy 

taken ttp by > moooanclear cell, luid the poisruM di> not l>ecoiiiie 

fnc hi U« Anida. Nov, in thii proo«.-M the only bodies vr^ch 

•K prodneed in exeem and at the eanip time arc capable of 

flwaplng fmm th» lenrorylM are the lytic botjitw; nnilber the 

loiin-netitrtilizinir or toxiit-diwtroyinfr body oor th« roagulating 

body are wcretwl or invru off from thp rdl. 8iiph lytic ambo- 

ovpton, tb^n, when prewnt in tbi> plaama and artivati'd by 

'., BUiy beooDw an octivo aici^nt for harm by liberating 

I from lhl^ bodips of gemui which are ma- 

ni, or from the insoluble or non-ammtlable 

pndueto of thfo or more lyiiia-reaistinK membera of the invaaivs 

MVaoiHBa: and by the urtiou of these pnimnii. pbt^roejiosiK may 

ba btDdtnd and the Kpccialint] cells poiaoned. Since the oen- 

bmtiiinc or cooipilatiiig hiHlii-m are not present in the planna, 

the boeoeytct are then poisonn) from willioat, just an are tbe 

■ pedaliaad ooUi, and the more active the plasma digeatioa 

^Kjk^ nor* deranged the true pmtiYtivi- me*-hiuiiitm bMnnu>s. 

^^K 1 kav» lone thna nomewhat ientrthily. but ncvertbeicn in an 

^^■■tlioa manner, into anme of the problems of immunity, portien* 

^Blarly thnae relalinir to 1b4> micro-oriranixrRa which are harmful 

^B to the animal body, not no mnrh tlinnifrh their ability to i^crptc 

^f karmfnl aolahl« poixma, aa through thi'tr imiistently invaaiTB 

•iMnetor, or by the liberatinn of the toxic prodocta rendtiog 

froDi tha dtimtion of their M^^retiona nr of their own bodifa. 

It il tk« dinnai eanaed by these organiams on which I nnw wiah 

to MOtra attention. 

Tbe o*|animia of thaw diaaaaM andoabtedly behnif to two 
, in one of which I woatd plaae the typiul 
V prodneera — anthrax, pnemtMieOeKOi, •tnptooaeoilib 
•(«.— in tba other the non-invasive nrganiama. typified by eholera 
and to aeou dtfree hy typhoid. Betwpcn these two axtrenua 
Ibrre are all trrsdn. The bncilltiB of tnbanolnsia, I think, 
ataada by itself and offen a most special pitiblein. 

If I have nude myself at aJl dear In srttuif forth aome 
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of the data amassed in the study of these tj-pes i 
organisms, and of the processes supposed to be involved in meet- 
ing infection and establishing cure and immunity from them, 
I thinlt you will comprehend more readily some of the prob- 
lems which daily face ua in our struggle to arrive at a rational 
method of biologic treatment, and realize more fully, in the 
light of this knowledge, why disappointment has so persistently 
followed in the wake of serum therapy. For, in spite of the 
most persistent attempts to produce curative sera, the results 
have not been satisfactory and have not led, except in rare 
instances, to the practical use of such sera in the treatment 
of disease in man. 

The sera, thus produced, have not, except in a very minor 
way, been antitoxic in the usually accepted sense, and depend, 
as we have seen, probably, for any protective value they may 
possess, on their germicidal and bacteriolytic power and on the 
opsonins they may carry, and thus facilitate phagocytosis. 
These sera are capable of protecting an animal from a many 
times lethal dose of an infecting organism, when mixed with 
it in surprisingly minute quantities; but that any consistent 
curative effects, other than merely local, have been definitely 
determined as due tn their action, after an infection has once 
been established, may justly be questioned. 

On the other hand, indeed, test and experiment have sbown 
that animals and man suffering from a true infection may and 
often do themselves furnish sera capable of strong bncteri«idal 
and bacteriolytic action (when combined with normal sera con- 
taining complement), and yet, in spite of this, they succumb 
or may be subject to severe relapses. 

In the light of these and other facts which have been cited, 
it has long seemed to me that one might well refrain from 
attempts to produce beneficial effects by injecting still further 
amounts of bacteriolytic or similar bodies, and seek further 
for an explanation of the exact methods and processes of the 
cure effected in those animals and man who do survive an 
infection. 

Failure to solve these problems on lines hitherto followed 
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■honld not disoonrage us, however, while we know that animftln 
and man do recover naturally from such infections and that the 
mechanism of the animal body sufSces to protect the animal even 
against enormous doses of injected organisms, without serious 
histologic changes or marked systemic symptoms, if these 
organisms be given at proper intervals and in gradually increas- 
ing amounts. The conclusion that this power must reside in 
increased digestive and neutralizing or poison-destroying 
powers of the animal organisms cannot well be avoided, and 
these functions of the animal mechanism will probably be 
found to take place largely in lome group of cells. 

The animal body then, ideally protected in the time of 
bacterial invasicm, may well be one in which some set of cells — 
phagocytes — are immediately ready and able to take up the 
bacterial invaders and destroy them, and within their own 
bodies to neutralize or destroy the action of any poisons secreted 
by such invaders or arising from their destruction by digestion, 
and this without serious harm to the ingcstinfir cells; or — failing 
this full immunity from serious harm — it may be that these 
ingesting cells are, in their turn, taken up and, with their 
noxious contents, digested by other scavenging cells, with a 
minimum liberation of the Rubstances which could injure the 
body cells dedicated to specialized functions. And I believe 
that the whole struggle of the infected organism may be summed 
np as a conflict between the leucocytes and the germs, and that 
it is an attempt to bring the invading germs within the leuco- 
cytes, and is a process with which the system at large often 
has little or nothing to do, except as. an innocent and injured 
bystander, and that extracellular destruction of bacteria and 
toxicogenic bodies is an untoward event often leading to dire 
consequences, and depending on the chance occurrence of suit- 
able digestive bodies in the serum which have been thrown 
off in excess from the celU, and may thus become a menace 
to the system at large by liberating poisonous bodies from 
comparatively harmless compounds. 

Thus, in many instances, it seems to me. we are probably 
dealing with an immunity, a large part of the mechanism of 
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which is individiialJy eellular, not only in the sense of pha^ 
tosis and digestion, but in the neutralization or destruction o 
poisons (vhich arise from the disintegration of the bacteria a 
their products — a mechanism in which the protecting eelll _ 
mugt inter\'ene and, unaided by antitoxic bodies in the plasma, 
neutralize within themselves the poisonous products of the in- 
vading micro-organisms. 

It wafl this thought which suggested to me the idea of treat- 
ing disease by aiding the leucocytes by fnmiahing them aa 
directly as possible with the weapons which were being taken 
away from them in their fight with invading micro-oi^aniHma, 
and to protect them thus from destruction and give them an 
opportunity to recuperate and carry on successfully their 
struggle against the invading germs. These weapons, what- 
ever might be tJieir nature, 1 assumed might possibly be fur- 
nished by an e-ttract of the active substances of the leucocytes 
themselves — substances not ordinarily given up to tlio plasma 
or serum — and 1 also aasiuned that extracts would be mate 
efficacioiis than living leucocytes themselves, introduced into the 
nfected animal, since, if diffusible, they would be distributed 
mpartially to all parts of the body by the circulatory mechan- 
ism and, as rjuickly as absorption would permit, relieve ttw 
fatigued leucocytes and protect, by any toxin -neutralizing ( 
other power they might possess, the cells of highly specializi 
functions. 

This idea of immunity differs from one that simply assnmm 
th(> oelia as the aoupce of all immune bodies in that it takes 
into consideration the iircsence and production in the leucocytes 
of agenta which are not normally given up to the plasma, but 
which are constantly able to reproduce themselves and carry 
on the functions of coagulation, of digestion, or of neutraliza- 
tion simply for the benefit and protection of the individual 
cell, while not l>eing secreted or excreted by the cells for tfa« 
more general benefit of the cell community at large. 

It seems to me, then, that when these sources of protecttM 
aro overtaxed or fail to act efficiently on account of some ia 
berent weakness or untoward circumstance of location, the o 
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enable ooane is, if possible, to support the chief anny of 
attsek, by introducing into the infected animal or man the 
s9AMianc69 composing the chief cells or all the cells of an exudate 
from normal or immunized animals in the most available and 
diffusible form, as little changed by manipulation as possible. 
The extracts of exudates from previously immunized animals 
might better serve this purpose than those from normal animals, 
since their cells probably have in their fight against the same 
organisms gained increased powers, as is evidenced by the abil- 
ity of such immunized animals to dispose safely of immense 
numbers of organisms without serious harm or loss of weight. 
As this might, in part, however, be due to bodies in the fluids 
causing more rapid and complete phagocytosis, a further 
adjuvant, immime serum, might be found serviceable in some 
cases, eq^ecially if it were an anti-infectious or opsonin- 
containing serum. 

In carrying out this idea in our tests, not only polynuclear 
leucocytes and bone marrow, but also extracts of mononuclear 
leucocjrtes, lymph-glands and spleen have been experimented 
with, not only because they might be found to have a toxin- 
neutralizing effect, but because observation has shown that 
mononuclear leucoc3rtes are active in engulfing certain organ- 
isms, such, for instance, as the bacilli of tuberculosis and certain 
organisms giving rise to chronic infections, and also parasites 
of animal origin. 

It is obvious that such a scheme of experimentation is a 
broad one, and that some of its phases have been attacked from 
various sides b}' other workers. 

Most of the workers have been chiefly interested, apparently, 
in elucidating the direct germicidal action of certain leucocyte 
extracts on bacteria, and in bringing out differences between 
the serum alexins and the bactericidal bodies of the leucoc3rtes 
— ^in other words, with the visible mechanism of the bactericidal 
activities of leucoe>'tes ss shown in vitro and in the peritoneal 
cavity. 

Attempts to influence infection by the use of organ eztraela 
have also been made, apparently with little success. The 
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thought, however, underlying most of this work differs J 
my own, as these esperimenters have adopted such a course, 
arguing that ecrtaiu organa may be the source of true auU- 
toKJQS, or of the so-called immune bodies — amboceptors — and 
simply contain them in greater quantity than does the serui 

My work, on the other hand, aa I have endeavored to e 
clear, is based on another conception, and has had as 
immediate object the practical determination of the curatiW 
effects of such extracts. 

THE TREATMENT OP INFECTIONS IN ANIMALS WITH LSUC0CT1 

EXTRACT. 

Passing, now, from these questions of theory, I will outliajfl 
briefly the result of tlie treatment of infections in animals with 
leucocyte extracts. These infections or poisonings have usually 
been brought about by iutravenous inoculations, and, as a rule, 
the treatments with extract have been given subcutaueously, 
although at times intraperitoneally. 

The infections to which I wish to call your attention chiefly 
are; staphylococcus, streptococcus, pneumococeus, typhoid, 
dysentery, meningococcus and cholera, although we have also 
experimented with tuberculosis and with infectious due to 
micro-ot^anisma of animal origin — the spirochsetes and trypano- 
somes — and with animals Hufferlng from inoculable tumors. 

It is evident tliat the extracts used must vary in strength, 
as there is no means by which they can be exactly standardieed, 
principally on account of the red blood-cells which are ofteo 
present in the exudates. 

I would call attention here to the fact that neutrophilic 
granules of the rabbit cells apparently go into solution in water, 
the cytoplasm undergoing marked disruption, while the nuoli 
of the cells swell up and resemble the larger, paler nuclei 
mononuclear cells, but by no means go into complete solutu 
It would not surprise me, therefore, if the constituents of 
c>-toplasm were active. What part the nuclei play in the out- 
come of experiments is a question 1 am at present unable to 
answer, although 1 am Dot unmiiidful of the beneficial 
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elaimed by Tarious writers for the so-called nucleates (nucleic 
adds), especially in warding off peritoneal infections. They, 
however, refer this action to an increased leuoocytosis. The 
•ouroes of these nucleic acids are, however, so varied, being 
either from yesst or animal cells, that one might well, theoreti- 
eally at least, look askance at the introduction of some of these 
bodies during the course of a disease already taxing the powers 
of the system. 

Staphylococcus Infections in Animals, — If we analyze our 
series of staphylococcus infections,^ we find that animals receiv- 
ing subcutaneous injections of rapidly fatal doses of Staphy- 
lococcus pyogenes aureus can generally be saved by treatment 
the extract of normal leucocytes of rabbits even in small 
I, especially when these are given intraperitoneally. When 
intravenous injections are practised, the results are different, 
but treated animals usually survive the controls many dayn 
and present modified histologic pictures. 

Streptococcus Infections in Animals, — In experiments with 
streptococcus infections I have worked only with those brought 
about by intravenous injections. In these experiments we find 
a marked lengthening of life and even a survival of the treated 
animals, and better results in the animals treated early than 
in those treated late. All of the animals which lived long 
enough developed articular or periarticular lesions, which tend 
to distinguish these infections from pneumococcus infections, 
which, as we shall see, seldom or never give rise in rabbits to 
such localizations. 

Pneumococcus Infections in Animals, — If, in my series of 
experiments on pnexunococcus infections, we consider the ani- 
mab treated with the extract of leucoc3rtes of normal rabbits, 
we find that in such animals an infection, surely fatal in un- 
treated rabbits, becomes significantly modified in treated ani- 
mab, even if this treatment be delayed many hours. Thus, 
out of eight control animals used in four experiments in which 

'HiM: Joar. Med. Refteftrrh, 19U8, six, 323. See this article for 
details of these and the following experiments on animals. 




the intravenous infecting doae was the same, all died, avi 
only forty-five houre of life after tjeing infected. Of the ani- 
mals treated — some as late as twenty-four hours after infection 
— nine out of twelve survived the infection, three died with an 
avera^ life of sixty hours after infection, two of them not 
having received treatment until the expiration of twenty-four 
hours. 

These are not selected examples, but are records of events 
as they developed in our regular research tests, and have been 
fully eonlirined by experiments imdertaken in elucidation of 
other points, and are unmistakably indicative of the powerfal 
beneficial action of such extracts on pneumococcus septicemia 
in rabbits. 

On the other hand, living leucocytes, introduced subcutane- 
ously, or even peritoneally, have little or no eflJect on systemic 
infections. 

Typhoid Infections in Animals. — We find that typhoid infec- 
tions, if indeed we may really call them such, in rabbits are 
essentially different from infections caused by such orgsnisma 
as staphylococci, streptococci, and pneumococci. The animals 
seem rather to suffer an acute intoxication, from which they 
either die within a very limited time when organisms may be 
recovered from tliem, or recover completely, or go into a state 
of cachexia, but without organisms in the blood 
In my experiments the animals, aa is usual after toxic doses 
typhoid bacilli, showed signs of poisoning, remaining qi 
and refusing all food for some hours. The animals receivii 
protection with leucocyte extract, shortly after this treatmentf^ 
usually seemed worse than the control, and to the inexperienced 
would appear the most likely to die. This might possibly be due 
to a more rapid liberation of toxic substances by enhanced bac- 
teriolytic processes, either brought atwut by a fuller comple- 
menting of immune bodies by the extract or to special digestive 
bodies of the leucocytic extract, or it might be due to a somnol 
stat^ following a reliff from active poisoning. That the poi 
ing in reality whs fundunienlally loss severe than in the 
normal-appearing control is, however, shown by the rapid rel 



lent^^H 



olei4^_ 
>iaoi^^H 



SOME PROBLEMS IN IMMUNITY 



96s 



of the treated animals to normal condition and weight, the 
weights following a perfectly logical order — ^untreated animal, 
animal treated late, animal treated early, as ia illustrated by 
the following examples: 

Untraated Treatad WUhlo Traatad Within 
Antnal. 6 lumia. 1 boor. 

Apnl 8 1,125 Om. 1,108 Om. 1,104 Qm. 

Apnl 11 1,035 Urn. 1,114 Qm. 1,135 Qm. 

April 12 1,030 Qm. 1,160 Qm. 1,200 Qm. 

April 13 1,010 Qm. 1,125 Qm. 1,190 Qm. 

April 15 1,085 Qm. 1,148 Qm. 1,225 Qm. 

( Injection. ) ( Injection. ) ( Injection. ) 

April 17 1,020 Qm. 1,130 Qm. 1,185 Qm. 

April 18 1,000 Qm. 1,188 Qm. 1,250 Qm. 

April 19 968 Qm. 1,160 Qm. 1,228 Qm. 

(Injection.) (Injection.) (Injection.) 

April 22 935 Qm. 1,100 Qm. 1,135 Qm. 

April 24 900 Qm. 1,100 Qm. 1^70 Qm. 

April 26 865 Qm. 1,085 Qm. 1,210 Qm. 

April 29 Dead. 1,070 Qm. 1,265 Qm. 

May 1 1,140 Qm. 1,305 Om. 

In this experiment no organisms were alive in the control, 
80 that the animal died from poisoning and interference prob- 
ably with metabolism and excretion due to cellular changes. 

In another experiment the dose of typhoid bacilli was so 
toxic that the temperature fell immediately instead of rising. 
The effect of the extract in the early treated animal was not a 
farther lowering of the temperature, but an arrest and more 
abrupt rise than in the control and in the animal treated after 
five houni. Furthermore, both the control and the later treated 
animal had bad diarrhoea within two hours, but the animal 
treated in one hour did not have diarrhopa. 

Such experiments with leuooc3rte extracts on typhoid infec- 
tions in rabbits are sufficient for illustration, and the conclus- 
ion from them seems unavoidable that leuooc3rte extracts have 
a markedly beneficial modifying action on the course of typhoid 
infections or poisonings in rabbits. 

The same holds true of infections in guinea-pigii treated with 
rabbit leucocyte extracts, but, apart from noting the fact here 
that subcutaneons injections, used curatively, are active in 
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guinea-pigs, it does not seem of import to detail such t 
ments at this time. 

Menhigococcvs Infection in Animals. — In meningocoocwj 
expf^riments rabbits suffer a marked intoxication, if i 
deed, in some instanoes. a true infection, when given suBScieot 
quantities of almost any race of meningococcus intravenously. 
Diu4ng the epidemic of cerebrospinal meningitis occurring in 
New Yorli several years ago I proved this to my satisfaction 
many times, so that for the purpose of the following erperi- 
mentfi I had no hesitation in selecting rabbits as the t^t animala. 

If we analyze briefly the results of our experiments on rai 
bits infected with meningococciis we find the following: 

In every experiment the controls died. 

The total number of control animals used in the experiments, 
in which the treated animals received normal lueocyte or 
immune leucocyte extract, was nine. In one of the experimenta 
one of the animals was greatly over weight, and should not have 
been used. The animal died, however, in thirteen days. Leav- 
ing this animal out of account, we have eight I'ontrols averaging 
1254 grammes, with an average life of twenty hours after 
infection. 

Of the treated animals there were thirteen. Nine of ttieae 
recovered and four died, over 70 per cent, of recoveries. 

The average weight of the nine animals which recovered wm 
1200 grammes, and of the four which died 1062 grammes, 200 
grammes lighter than the controls, vrith an average life after 
infection of 5.7 days. 

The majority of the animals did not receive treatment until 
the expiration of five hours after inoculation, and a number of 
them not until twenty-one to twenty-four hours, some of the 
controls having at times died before these animals were treated 
with leucocyte extract. Severer tests cnuld hardly bo devised, 
and when the results of such tests are compared with those 
obtained with the use of senuri they point strongly to thi' value 
of leucocyte extracts in the treatment of this infection. 

Cholera attd Dysentery Infections in Ammah.~¥,\\tt:T'\nwnX» 
with chol«ra infections of guinea-pigs sod rabbits, and with 
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infections doe to either type of the dyientery bacilli in rabbit!, 
which always proved fatal in the control animals, have shown 
that these infections yield to treatment with leucocyte extract, 
in much the same manner as do the infections to which I have 
already called attention* 

SUMMARY AND CONCLUSIONS FBOM ANIMAL KXPEUMENT8. 

The character of the exact action of the extracted substance 
in these various infections is, of course, at present lari^ly a 
matter of conjecture. The fact that treated animals, in some 
instances, appear more intoxicated than the untreated, may 
indicate an enhanced lytic action and liberation of toxic sub- 
stances, thus suggesting the presence in the extracts of com- 
plementing bodies, or of digestive bodies peculiar to the leuco- 
cytes. These bodies may, of course, be present and play an 
active part, but the strongest impression given to one carefully 
following the experiments, and noting the immediate effect on 
temperature and the conservation and quick return to normal 
weight of the treated animals, is that the principal substance 
at woiic is one active in neutralizing poisons, destroying or 
preventing their formation, and thus able to relieve the animal 
economy and give the phagocytes an opportunity to carry on 
their work of ingesting the micro-organisms and their non- 
soluble products, thus permanently rendering them harmless. 

The points which to my mind at present speak most strongly 
for the explanation of the beneficial action of leucocyte extracts, 
as either poiscm-neutralizing, poison-destroying, or poison-pro- 
hibiting, rather than primarily bactericidal or bacteriolytic, or 
even one of immediate phagoc>tosis, are flrst, the effect on 
temperature; for, when the temperature is high it tends to be 
lowered, and when it in falling below normal from the intensity 
of the poifioning it tends to rise, on treatment ; which is a sign, 
of course, under this condition, of returning strength on the 
part of an animal ; and, secondly, the effect in preventing diar- 
rhcpa. whi<*h is a symptom of poisoning in such intoxications. 
Animals tn^ated in time rar«*ly show diarrhcrsl symptoms. Now, 
if the action of the extract were a lytic or a poison- 
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one, we might pusaibly have a fall in temperature when it i 
high, following the introduction of estract, caused by s further 
poisoning, lint we slioiild not have a rise in temperature in an 
already fatally intoxicated animal; in the same way, if poisoo 
were liberated, animalfl receiving treatment should envince 
symptoms of diarrhosa before the untreated ones. And, further, 
the experiments performed by Zinsser and myself in vitro and 
in the peritoneal cavities of ^inea-pigs strongly favor a toxin- 
neutralizing or coAgnlating action, for we were able to show, 
in a fairly satisfactory manner, that bacterial extracts were 
precipitated by leucocyte extracts, and we were unable to 
determine any marked extracellular intraperitoneal destruction 
even of such sensitive organisms as cholera vibrios, ot, in fact, 
any immediate increase in phagocjtous; and yet the animals 
were better off than the controls. That the action is one affect- 
ing the poisons immediately, no matter what the effect on the 
bacterial cells may be, aeems an unavoidable conclusion, since 
falls of temperature of several degrees may occur within a half 
hour to an hour after subcutaneous administration of leucocyte 
extract. This fact also praeticaily rules out an explanation of 
the extraet aa being simply a stimulator of general leucocytosis 
from the leucocyte- forming bases of the animal) for. even if 
such a leucocytosis could occur in so aliort a time, we know 
from experiment that freshly obtained living leucocytes, when 
introduced into an infected animal, even intraperitoneally, are 
practically without effect on systemic infections. The lives of 
the animala are not lenglJiened and these intact leucocytes seem 
to have no intluence on the temperatures. 

Intravenous injections of living leucocytes have not been 
tried, since the results of such a procedure are of purely 
academic interest, being entirely ouUide the realm of poasibility 
in the treatment of human infections. The use of living leuco- 
cytes in the treatment of local infections, such as those of the 
pjeum or peritoneum, or even subdural infections, is, of courae, 
pMUiible, but of limited uppIicBtion, both theoretically and prac- 
tically, and their beneEcial action would probably be due to the 
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ample reeraitiiig of the phagocsrte army, or to extracts which, 
noanspectedly, accompanied the supposedly intact leucocytes 
introdaeed. • 

THE TSBATMKNT OP INFECTIONB IN MAN WITH LEUCOCTTE 

EXTRACT. 

While animal experiments are necessary, and often ex- 
tremely instructive, one can, nevertheless, not arinie directly 
from these to occurrences in man. An injection disease is not 
an infectious disease, and we are dealing usually with conditions 
in man which are at least not entirely analogous to artificial 
infections in animals. Artificial infections are usually accom- 
plished by an abrupt introduction of a large quantity of infect- 
ing germs and their products; the animal powers of resistance 
are often immediately and severely taxed ; the incubation period 
thns artificially shortened; and the germs themselves are not 
subjected to such a searching elimination, being present in large 
nombers, as is usually the case with the few organisms gaining 
a foothold by the natural channels of infection. This difference 
is most marked in septicaemias, in which, in animal experiments, 
the organisms have been introduced directly into the circula- 
tion in quantities sufficient to bring about a ver>' rapid poison- 
ing and overwhelming of the animal, with probably only a very 
partial adaptation of the bacteria to the animal agents of 
resistance. On the other hand, the septiciemic invasion in 
man most often follows the adaptation of the germs in some 
more favorable nidus, and probably has to do with an evolution 
in the bacterial resistance to the protective powers, rather 
than a decrease in protective strength on the part of man. 
Indeed, both of these processes may increase hand in hand, and 
we ouy have septica*mias extending over weeks, months, and 
even years. We may have, in fact, an "armed peac<*" and the 
prepared bacterial anuy is not to be routed by the applicaticm 
of means which under other circumstances might prove effica- 
cious, for wc have M*fn how the bact4*ris may [MNwibly b«H-ome 
resistant to the protective agents of the animal ImhIv, and mny 



270 



HARVEY SOCIETY 



continue to survive attacks which might well prove fatal to looi J 
well-adapt«d members of their species. 

Theoretically, then, I think we are safe in assuming tin 
the infections in man which most closely simulate artificia] 
infection in animals are fresh local infections, and infectioni 
of any character, in their earliest stages, before the bacteri 
have been adapted to carry on their fight with the powers of the* 
infected body. Septicaemias in man which simulate most closely 
those of animals are of a fulminating type, due either to a mark- 
edly virulent (already highly adapted) organism or to an un- 
usually low state of resistance on the part of the patient. 

The point which I wish, if possible, to make clear ia that M 
seems to me that the outcome of our attempts to treat infectiooi 
diseases is, if we have the real means in our hands, probabljj 
more dependent on the degree of adaptation of the germs thai 
the actual powers of resistance of the patient. These latter, i 
course, determine largely the picture of the disease, but giw 
little information as to the power of the invader. This has b 
forced on me by the fact that, although we are able to can 
positively acute septictemias in animals by the injection of 
leucocyte extracts, the more subacute septicsemiaa of man do not 
yield readily to our present mode of treatment, whereas even ei- 
tremely severe acute and chronic localiiied diseases, due to t 
same organisms, respond to such treatment. This is true ( 
pneumococcus, streptococcus and staphylococcus infections, 
have given the matter much thought and it has seemed to o 
that our hope here lies possibly in a combination of hetert^ftnoi 
immune sera with the leucocyte extract, since it is probable t 
these may be able to attack different receptors, and thus destr 
the organisms or prepare them for phagocytosis, whereas manfl 
own plasma has become powerless against them. This outIo( 
seems encouraging when we remember that organisms rendered 
more and more virulent for one species of animal do not alvays 
increase in virulence for another species, and may even, a* is 
well known, become distinctly less infectious for other species. 

We have evidence of this from studies of the virulence of 
streptocooci, whicJi, no matter what their source, even from tlw 
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iiKMt rapidly spreading and fatal infections in man, may be of 
no particular virulence for rabbits; and, on the other hand, 
when rendered exquisitely virulent for rabbits, may prove prac- 
tically benign when introduced in immense quantities into dogs. 
This is an illustration familiar to all bacteriologists and requires 
no. more experimental evidence. We cannot, however, be cer- 
tain that these differences reside entirely in the plasma immu- 
nity of the animals, so that we should probably combine the 
leucocyte extract of the immune animal with its own serum. 

The infections in man which Dr. Zinsser and I and others 
have treated, through the courtesy of various physicians, have 
been those due to the meningococcus, pneumococcus, strepto- 
coccus, staphylococcus, gonococcus, typhoid, colon and tubercle 
bacillus. Beside these bacterial infections, we have tested the 
influence of the treatment on cases of malaria, as the most avail, 
able representative of the group of known pathogenic animal 
micro-organisms. In such infections it is not unlikely that the 
extract of the large mononuclear cells plays the major part in 
any beneficial effect that may be oliserved, as it is these colls 
which experiment has shown to be chiefly active in taking up 
cells of animal origin. 

In this connection I wish to cite the history of a woman 
patient in St. Luke's Hospital. 

Cask I. — Hiatory, — Two months before her prpsent illness this 
psttent had been in Kt. LukeV ITcwpital HuflTering from malaria and 
had been diflrhanred riirpd after trratiii<*iit with quinine. She re- 
mained well for about one month, but four weeks before prment 
admiaiiinn a^sin he^ran to ha%'e chilla. followe<l hy hifrh fever and Kweat- 
ing. Theiie at tirnt oame every other day at about midnight, and were 
aeeompanied by the claMKiral nyniptoniH of nialaiiie, lieadarhe, back- 
sehe and nauKea. Thin eontinue<l fretting wurMe in Mpite of the fart 
that ftha waa taking ten frraiuH of (|uinine every day, and had been 
doinic no for about nix monthn. About three da\ii before adniimion 
lo the hoapital rhillM befiran to come every day, axid were now occurring 
during the late afternoon. On admi)«Kion to the honpital, **n October 
27, 1908, a chill occurred between four and five in the aft«*n)oon, her 
temperature reaching 104. The chill lanted thirty minutcM. I>urinf( 
the niicht the temfierature )>e^n to fall airniii, and by noon dd the 
following day had reached 07" F. It did not remain low for mors 
than an hour, and between 2 and 4 oVlock another chill occurred, the 
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niUnt with llw omiiwian of Um diills there nan a vn? tunrkt^d im- 

nmtBl in the general (vrnditinn of Ui' pttliml. AIniotrt iniinedi- 

f ftfl«r the tint injfptiiin n redurtiun of tbr nauaea, thp malaiiw, 

miM OMiUT«d. with mmplfie alleviation of Uw h««i]aeb«i 

IMO atramHy IrouhltwoniP. NiimeniuK bliim) pxaminatiotia 

t thia time «hnw«(], hnwmer, liiat Diurc wa» abrKilutely do diminu- 

>f. or Rhanf^ in the developmml of, the plaamodia. During Oc- 

r .11 and November 1 no eilraot wan ^ven. No nbiil* orriirred, 

I earb day lh<> aftrmoofl lemprratnre vimndnl thai of tha prcrvdini; 

y, on November 1 rearbinit 104° K. at B r.u. Ow November 2, 

'. aboQt noon, 10 ex. of leueoeyte exlra^^l were given, and on thia 

2 d«j the l/wpcralHrp did not KLrr*d 100.4. On November 3, 10 c.e. 

Z w«n Riven ahnrtly afl«r niion, and lh« temperature did not exceed 

£ 103, ibe palieul feeling exlmncly well. On November •!, the follow- 

Z ilW ^3' "'> further leuroryte exlrar't waa fiven, n«nrtlie1e«i, the tern- 

Z pvatnra did not FX(>Md KM.FI, and the patient felt so well that she 

m WH allowed up in a chair. No further i&jeetlona of extnrt were 

^ Bsda, And on November b and the afternoon temporatani became 

; Cndaal]} bijiher, itMcbing 103 at ft r.u., and oo November 7 a aharp 

^ afUnwoB riae to 104.2 waa ar«impanled by a ebilL Thia chill on 

~ November 7 waa the Snt (rue maUrial eliiU which had oeeurrad ainee 

rha betrimiiia of tnatment on Oelabar Sa During all tUa time tb» 

I'otint \mA oam fueling ntrcroeljr wall and all tha ^mptaais, wfaiob 

Tf* wwlofoiu to thoaa of touemia in malaria, bad beao alleriatod. 

<*n tba otbar band, abaolntdy no dhninntion or duuwe In the pUa- 

niodiK waa noted. On Norembrr f*. b gralna of qtilniiie were given 

ew; foor boon, wbieh, after a few daya. resulted in r»mpl«t* rurv 

and dbappaeranee of the plaamodia from the rimilatinit blood. 

Allhoiifth ijtoUtted. thia tarn aboved nuh a itrtkitig reaetioa 
to the flnit Bdminiatration of Imooejrte extract and aadi an ttn- 
rinefltionable return of syinptama apoo mniiHion of tta* leaeoqrt* 
«jrtn«t that, while, of munr, n ain^lr ca«i- warrant! no oooeloi* 
iona, the erldence cprtainly fATnra the opiaion that the extnet 
had a distinct m^utmliniig value for the piitanna p|sbarat«d bgr 
the plaanodia. It ia intermCinit. moreover, to a<vt« that the 
armptOQw of the diw<Bae were entire); alleviated without there 
bdoff anT viaible effei-t on the pUamodia, a fart which aeema to 
iodirate that cprtain phenoniBiia appearing dariof this diaesse 
may be interpreted aa the ranUtt o( toxmiJa. 

That maluiA can lie thna taflneonHJ wonld aeem to be a faet 
nf taon than [iwaiag inlerail, and it ia mentioned hen m it 
hoJda out the poaaibility of tbt favorable outeonw of ths ^>pti- 
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cation of such measures to the treatment of the epirocbietal 
trypanosom&l diseases and other infections of protozoan origin 
in man. 

There is not time, nor is this the place, to go into the histories 
of the individual cases, c^icept by way of illustration of the 
various bacterial diseases which we have treated. In connection 
with Dr. Zinsser I have lately published the results obtained 
in the treatment of a number of meningitis patients, and in a 
small number of patients suffering from lobar pneumonia and 
pneumoeoccus infections, and to these articles I must refer 
one interested for details.' 

Meningococcus Cases. — It may be of interest to state, 
ever, that tlfteen of the meningitis patients treated by us 
under fifteen years of age ; of these, three died, leaving 8< 
cent, of recoveries with no sequela?, Of the patients over fifteen 
years, there were seven, five of whom died. This result may 
have been due to the fact that several of these adult patients 
were in extremijt when admitted to the hospital. In apite of this, 
under treatment some of the patients showed a marked improve- 
ment and did not die before twenty-seven, seven, thirty-eight, 
eleven, and twenty-five days after treatment was begun. Of the 
children who were treated, but who died, one snr^'ived sevenl 
nine days, one sixty-two da>-s, and one, a baby of seven moni 
twelve days, after treatment was instituted. 

It seems also of interest to note the fact that in seven 
in which treatment was begun subsequent to the seventh 
of the disease there was 100 per cent, of recov 
sequels. Treatment was not begun in these cases until 
elapse of seventeen, twenty, forty-seven, forty-one, fifty-three, 
thirty-nine, and eighty-two days after the first symptoms de- 
veloped, and a reference to the histories would show that these 
patients were, as a rule, in grave condition. 

Almost without exception there was an improvement in those 
symptoms which, in this disease, depend largely on the central 
nervous system. Vomiting, delirium, stupor and hypenesthesia 
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were unially diminiflhed or entirely allayed after one or two 
administrations of quantities ranging from 5 to 20 c.c. 

Mariced reduction in the temperature following injections 
was noticeable in many of the cases. In some of these cases, 
however, the diminution of the fever was a temporary phenom- 
enon, limited to the twenty-four or forty-eight hours inunedi- 
atdy following the injection, a fact which also argues strongly 
for the idea of poison neutralization. 

. The actual percentage of recoveries among these patients 
was about 64 per cent. If 70 to 75 per cent, be accepted as the 
usual death rate, and the basis for determining the value of 
the serum treatment of meningitis, then the fact that 64 per 
cent, of our patients recovered would seem to indicate some 
curative value in the extract. And if this is true, it also 
indicates that if the antimeningitis serums are really toxin- 
neutralizing, or contain the same antibodies as the leucoc3rte 
extract, then these sera should be efficacious when administered 
subcutaneously, which is not the fact. I am inclined to believe 
that a combination of these treatments, immune serum given 
subdurally and leucocyte extract subcutaneously, might lead to 
more favorable results than the use of either separately. 

Pneumococcus Infectiofis. — In considering the effect of leu- 
cocyte extract on the course of uncomplicated lobar pneumonia 
it is impossible, in view of the small number of cases, to arrive 
at a definite opinion. Not more than twelve or fifteen patients 
have been systematically treated, and of these one has died. 
This might be true of any series of the same number. However, 
the uniformity with which temperature changes and the relief 
of toxic symptoms follow the administration of moderate 
amounts of extract in the lighter cases, and often in the severe 
eases after the administration of larger or repeated doses, points 
to a toxin-controlling and beneficial action of the extract. One 
case which has lately come under the observation of Dr. Patter- 
son may serve ss an illustration. 

Cass II.— Reported by Dr. Pattemon. Mrs. O., 78 r$mn old, had 
«fDphytcixia and chronic bronchitis with asthma; developed amts 
bronchitis. 
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Januat? 4: Temperature 101.3. Diagnosis of probable 
monia. 

January 5: Very sick; evidences of tommia (character of pulse. 
cyanoeis of finger-nails and lips, proGtration) moat mailed. Looked 
as though patient would surely die. Seen by Dr. S. W, Lambert: 
Pneumoaia; patient will probably die. 

January 6: Patient about as yesterday, but condition not quite 
so loxio. At 3 P.M. patient cyanosed. appeared very sick, but not ao 
much so as yesterday. Leueocytee, 10,900j polynuclears, 78 per cent. 
Twenty e.c. of leucocyte extract injected. 

January 7: Distinct improvement in toxic Bymptoms; patient 
had developed appetite and asked for egg ^nd toast. At 5.10 p.u., 
P. ex. Over left upper lobe in front, marked duliiess; feeble breath- 
ing; but no change in quality of the voice and breathing. "Since 
first injection there is marked improvement in the patient's appearance 
and general condition, and a marked improvement in the clunurter 
of the pulse." Leucocytes, 9200; polynuclears, 86 per cent. Twenty 
e.c of leucocyte eitraet injected. 

January 8; "Patient decidedly better." Dulneee over left tipi _ 
lobe less marked. Pulse of a better quality. At 3 p.m. 20 e.1 
of leucocyte extract injected. Leucocytes, 9200 ; polynneleais, 
per cent. 

January 9: Patient's condition highly satisfactory. Twenty 
of leucocyte extract given. Course uneventful thereafter. 

As RD illustration of the effect od a patient in the 
early stage, and possibly suffering from a less severe inf< 
the following is int«reeting: 

Case III. — Patient. — Mohan, male, adult, admitted to St. Luke's 
Hospital, senice of Dr. T. C. Janeway. Family and previous history 
irrelevant. 

Present Illness.— Toar hours before admission, while at work, 
the patient had a shaking chill. His teeth chattered, his lips wnre 
blue, and he felt feverish. At the same time be began to suffer from 
pain in the tower anterior part of the ri^t chest which was markedly 
aggravated by deep breathing. 

May 10. 1907 : Admitted to St. Luke's Hospital in late aftenii 
Temperature, 102; pulee, 100; respiration, 26. Over the lower 
of the right lung there were typical Bigns of eonsolidation. The spu- 
tum was blood-streaked. The leucocytes were 26,000; polynuclears, 
89 per cent. 

May 11: The enndition of the patient was unchanged; tempera- 
ture rose, reaching 104 at noon. I^wicoeyte extract, 6 e.o., suboutane- 
ously injected. Following this injection there was a sharp and staady 
drop in the temperature, reaching 0S.8 on the morning of tu 
following day. 
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iUy IS: Dnrinr the woming of Ibis day Imnpmtan ttMdily 
roMt rMcbinic 1(13' f. at noon. Leucwvle extrnet, 10 e.e., injaetod in 
esriy afternoon. Temp«nture again dropped, reacbiiig 98 st nxid- 
ni^. 

May 13: Thv gmirral cnmlition of tho pativnt vu very atnefa 
tuipromd, braUbini; waa tatitr, ptilae and raaptration bad baeoout 
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AfWr a npid eoaTalcaMQM patient dwcharj^d riu«d. 
Fint inJMtion waa givan an weund >lay of '' 
qiuulity ^viat, IB c.e. 

Thii cam ia ii)t«restuig primarily becsiue of the appkrently 
■bsrp and rapid rcapuna^ of Uiv Umpcmture to the injectiooa 
of the leuoocyte extrot^t. The occurrence of the crista on the 
third day of the diseaiie ia a pheDointfnon aiifflciently rar« to 
MKOuragv th« opiniuu Uiat it may have \xfa at least in part dua 
lo the lojection. 

Such oocunrncca aa th««o, backed by the cuncliuive eridence 
of the aiUDial esperimenta, would certainly seeni to warrant aa 
eiteaded ajid careful study of the induence of this ageut oa 
poeunwcuecua infcctiona in man and make lu hopeful that many 
■o otherwiae fatal illnnta may become romparattvaly beotgn 
under ita infloenn^. This hope ia strengthened by evidenoi! 
gathered from the study of infeetkma due to the atreptooooeoa, 
•0 dooely related to the pneomocoocua in many ways. 

BtrtptococcuM InfKtioiu; ErynpeUu. — Dr. Adrian Lambert 
in hta warda at BeUeme Hospital, daring Uit July and this 
January, baa lre8U.-d about Hfly tnsta of eryupclaa by Ihiii 
nethod. Eryaipeiaa is the ideal infectiuo to study, fur the chief 
lesion ia in plain view, and, besidea. there is a markad tempefa- 
lorv rcaetioD to the infection. lo adults the disease is not very 
fatal, but in chtldraj under one year of age the mortality is, I 
understand, ver)' high. While the histor>' of these easea will 
shortly be publiahed in detail. Dr. Lambert has kindly drawn 
Ua «ooclusiona for me. They are aa follows t 

Lanmeyle ntrsrt wHI abrrt infeatiooa wkkh ar* liiataJ wilhbi 
Iha flm forly-dgkt bonra. 

It viU BtMliorala the eooras of oldsr tafaetkiBa and may abraptlr 
tatmlaata Dun; the loogwtha bfaetioa has ssiMad, iha Ism likaly tt 
Iha latttf to laha plsa% bol it taads to Castas tha 
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The toxic symptoms, delirium, headache, nausea and vomiliajT- an 
modified and relieved; local pain is lessened. 

The rash doex not disappear immediately, but is apt to be 
localized. 

The spreading, inlractable lesions of the back and body wn 
apparently affected as readily as those occuiring on the face and head. 

Pus formation is aborted, and sequels are rare, if they OCQW 
at all. 

About 50 per cent, of babies mider one year of age have recovered 
from the erysipelas. 



The effect of leucocyte extract on erysipelas strongly 
gests its use in the streptococcus int'eetions complicatlDg the 
exanthemata, aud, of course, in streptococcus infections in 
general. Many of the dangciroua Bequela> of these diseases might 
be avoided by its use. 

Staphylococcus Infections. — Local acute and chronic staphy- 
lococcus infections respond almost immediately to treatment 
with the extract, and funineulosia of intractable tj'pe is halted 
and apparently cured. Dr. Zinsser has treated eleven patients 
who had staphylococcus infection. In these, after treatment 
was begun, surgical interference was always unnecessary, 
following history illustrates the response of chronic funuM 
losis to the treatment : 
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Case IV. — G. P., assistant carpenter, St. Luke's Hospital, 22 
years o!d, Swede, athlete, general health excellent, for three yeare had 
been troubled with persistent pimples on the face. For thp four 
months preceding examination he bad had boils on the neck and behind 
the ears, a new one developing every other day. For the last few 
weeks boils had appeared on both legs aud in the left axilla. For the 
last two weeks the patient had never gone two days without the devel- 
opment of a new furuncle. These had been growing steadily roorv 
severe, and during the last week he had developed a very painful 
furuncle with eirtensive indunttion unthin the external meatus of th« 
right ear. On examination he was fouTid to have at least fifteen t 
twenty boils on tlie back of tbe neok and behind the ears. Slaphfi 
coeeun pyogenes aurftit wns cultivated from the boils. 

October 7 : Ten c.c. of leucocyte extract injected. 

October 8: No new boils appearing and old ones imprwed. 

October 10: Ten e.c. leucocyte extract injected. No new t 
appear. 

October 11 : Ten c.c, given propliylactieally. 

No new development of furuncles until November ! 
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mall pimple appeared on the back of the neck, whieh was quite angry 
and paininl, and 10 e.c. of leuco^rte extract was injected. 

beoerober 1 : No new boils had developed. The patient appeared 
entirely well, and has so remained till the present time. 

As an illustration of the effect of leucocyte extract on an 
acute and severe infection, not well adapted to surgical inter- 
ference, the following case may be cited : 

Case V. — Three weeks before present illness the patient, a wo- 
man, developed an acute dacryocystitis. There were several attacks 
of this condition following the introdaetion of a probe. There ap- 
peared to be a stricture in the nasal duct Staphylococau pyogenm 
onfinis was st this time isolated from the inflamed area in the lachry- 
mal duet and from the nose. Following an attempt to correct the 
stricture on January 12, 1909, infection from the nose travelled up 
through the nasal duct into the orbit. The patient's temperature rose 
to 103.4* F. and a rapidly spreading acute inflammation developed in 
the orbit, from the pus of which Staphylococcui pyogen€9 aureuM was 
recovered in pure culture. There was marked exophthalmos, com- 
plete immobility and protusion of the eyeball. It was the opinion of 
the attending physician that the tissues behind the eye were oedema- 
tous and that the orbit probably eontamed pua. 

January 13: Ten cc. of leucocyte extract injected. Tempera^ 
ture dropped to 100.2 on the following day, but rose sgain to 101.8 
in afternoon. On January 14, two injections of 10 c^. of leueocyts 
extract 

January 15: Temperature dropped to 99.8. Marked improve- 
ment in general condition and in local lesion. During the night of 
January 15, temperature again rose to 100.8, but dropped on January 
16 to 99. Ten c.c. of leucocyte extract injected. Temperature did 
not go above 100.2, on following morning being 99.4. Oeneral im- 
provement progresifd, and there was marked clearing up of local 
lesions. Rapid and uneventful convalescence. 

Time will not permit me to call attention to work in othM* 
infections. Indeed, in the case of most of these the data are 
too scanty to warrant the expresnon of any definite opiniona. 

In conclusion, then, let me say that no one realizes more 
fully than I the vast amount of work, experimental and clinical 
which must be done before the value of the work presented to 
you can be fully determined and the crude weapons, new to 
our hands, be better fashioned and more skilfully handled. 
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WE hear to-day everywhere o£ eoDservation. Our rapidly 
diniioishing supply of coal and ores must be bus- 
bauded ; the soil which is to supply the crops for a huudred 
millions of Americans must be maintained in its fertility ; and 
our forests must be protected from ruthless and selfish de- 
stroyers for our immediate needs, and new foreata started for 
posterity. Those who are interested in our domesticated ani- 
mals are active in preserving such races as possess particularly 
valuable qualities. The national government has even gone 
into the btiaineas of raising Morgan horses, to avert the threat- 
ened disaster of their total extinction. But there is one national 
asset to which too little attention is being paid, whose potentiali- 
ties are being improperly developed, whose transmission to pos- 
terity is being threat^sned — the best of human protoplasm ! In 
this city what special abilities in singing, in instrumental 
music, in art, in wit, in elocution ! What individual capacities 
in remembering, in calculating, in administering, in construct- 
ing and inventing! What examples of skill, of patience, of 
pertinacity, of profundity, of grasp of details! If a census 
were taken of this audience, what a diversity of characters, 
what valuable assets of abilities, would be revealed. It is by 
no accident that they are here — they constitute our chief 
lieritage from the past; they are the most precious of oar 
national resources. 

To make the beat use of these resource, to transmit them 
in greatest proportion to posf*rity, it is esential that the method 
of their hereditary transmission should be perfectly under- 
stood. But the laws according to which particular charaeta 



' Leelnre delivered Uarch 6, 1 




HERKDITY IN MAN 

whether favorable for humaa progrew or uafavorable, are tratu- 
mitted, nre u yet little kauwa in iletml. If an irnatpoiuuble 
siitocrBt, ev<>ii the mo«t Ivamed man in the world in the lore 
of bunuui herpdit)', were given tiie power of arrBnging fiitiin 
niarriaRw, be would aiakc a bad butch of it mtrRtly through 
ignorance. If we had preciw knowledge of the inheritanc* of 
character)), if wi? knew the outcome uf a particular mating with 
even the same amuruicc* tliut wv do that of the treatment for 
rabies, or diphtheria, or operable appendicitiii, then we rould 
rdy upon a fair proportion of vducaUHl, resNonnblft pi^pIe 
making a selection of tbt^ir consorts with a fair regard for 
the probablt; nature of their ulbpring. The raaaun why there 
ia 110 scitrncf' of eugcnit^a i*. flnt of all, IxvauMe wc laek data 
aa to the inheritance of pfulicuW characten in particular tutn- 
binatioiia. Th« rcaiiou why w« lack <lata la not becauw they 
are not to be had; not, I conceive, becaiue tboae in a poaition 
to do au are not willing to gather thiim; but beeaaiM, unti] 
neently, we have not known how to an tben after thay are 
gathered. In rare eaaea have we been able to iajr that given 
parentfl with mieh and each ehanwlcrs, they will have eorb and 
■och otbpring; or that to get mch and niefa a eoiobination 
of eharaetere in the ehitd, the parenta mtiat be thua and ao. 

But we are ia a new era now. At taat, bm a reaalt of exten* 
live experimeDlal breeding, vre know bow to analyse hereditaiy 
data eo ae to draw deAnile eoDohiaiona fron then. But we 
find the data which have heretofore been pttt on r«eard to be 
far from ulinfactory ; both becanae of their iinagieiiiai snd 
bepauae of the inadM|uate way id whieh mneh that we have baa 
been prepared. 

Toa M medical men are peculiarly favorably situated both 
by education and by relation to tbi: familira of the eominuiiity, 
to contribute data which eau aowi be worked up into daflaite 
ooooltuions. I think I inaj' say ae a remit of loout inquiry 
that there will be no diffieulty in Recuring funde and the aaiiat- 
aooe of eoflSeient pcrwiiu to nilUti! and redaiw any data that 
the phyideiana of thie city may oollcet in tlte coune of their 
rootiDe wnric. f have reaaon for thinking that if they onoe 
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realize the certainty that important results can be gained 
data that they can easily collect the physiciajis of this city 
enter enthusiastically into the business of collecting such df 
I am therefore very glad of this opportunity of giving to 
some account of the more recent results in the study of heredity, 
especially in their application to man. 

The first fundamental conception in the modem theory of 
heredity is the distinction between soma and germplasm. Tou 
probably know how a strawberry plant sends out runners, or 
stolons, which grow along the ground indefinitely, sending up 
at intervals a bud from which a new strawberry plant arifiee. 
In time the coanecting stolon disintegrates so that each soma 
becomes separate from tlie others. The yoimgest generation 
is always supplying nutritive material to the further growth 
of the stolon from which it sprang. This is a picture of the 
relation of germplasm and soma in man. In every human 
family is a germplasm that has traversed the ages and baa 
given rise in each generation to one or more somas or persons" 
Such somas are a sort of biological analysis of the germplaMni. 
Each soma is also a sort of relay station in which the germ- 
plasm is maintained and reinvtgorated, and from which it is, 
or may be, started again on its way. 

The stream of germplasm is, however, not so simple as 
stolon of a strawberry plant It is a complicftt<?d aiTair, havi 
many tributaries, cross-cuts, and anastomoses. It resemblt 
rather the intricate network of bayous that is characteristic of 
deltas and other low-lying, irrigated countries. For in all 
■e.tually reproducing animals, including man, there is a constant 
lerchange of material from one stream to another. As one 

letimes sees a muddy red stream emptying into a clear river 

I can trace a red streak in the water for miles, so in the 
mingling of germplaams in sexual reproduction each »a| 
cbnmctcr may be traced ihrough gem-rations. Immi 
after the union of two germplasms a new soma usually dcveli 
and this combines the characters of both. After the uoil 
gi>rin|)lni>im.t have i>roduced the soma they separate agi 
Consequently the somas arise at the nodal points of an 
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network, and contain characters from two, temporarily united, 
germplasma — ^thus in respect to any character the soma is 
duplex while the germplaam is simplex. 

The second fundamental conception in the modem theory 
of heredity is that of the unit character. These unit characters 
are the elemental, indivisible hereditary qualities of form or 
function. We see them in the soma as generalized qualitie$f 
such as hairiness of the body, pigmentation of the skin, or 
as detailed features, such as the number of dif^tal phalanges, 
minute facial muscles, and even the different forms of aystems 
of papillary ridges on the hands. Bach of these somatic units 
has its representative or determiner in the germ. It is not 
alwa>'8 possible by inspection of the soma to say whether an 
organ or part is composed of only one unit character or of more. 
But by proper matings the number of elementary determiners 
may be ascertained in a manner that we may consider later. 
These unit characters deserve the most careful attention. In- 
capable of being permanently blended or of intergrading they 
seem to have arisen suddenly much as we now see them. In 
poultr>\ I have seen such unit characters — webbed toes, tailless- 
ness, double spurs, extra toes — arise suddenly, complete in the 
first generation. It is probable that the human characters of 
taillessness and partial hairlessness and albinism have arisen in 
the first generation as we see them to-day. Certain rarer human 
characters such as syndai*tylisni, polydactylism, and complete 
albinism have almost certainly arisen suddenly, and it is just 
these characters that are mcmt strikingly inherited. 

We are now in a position to formulate our topic more 
clearly. The study of human heredity is the study of the laws 
of the development into somatic unit characters of the deter- 
miners that are brought together in the union of germplaama. 

Now the number of unit characteni in man is enormous. 
A mere catalogue ot the mure prominent external characters 
would weary you. Morpover. a complete catalogue would be 
impossible be<*ause of our ignorance. We may, howe^'er. re- 
call that characteni are both morphological and ph>'siological ; 
normal and teratological. The different organs of the skin — 
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hairs, pigments, glands, simple sense orgaos — appear 
to be simple ehuracters. Some of them, however, coatain 
several units. Thus hair has a unit for black pigment and onp 
for red, and perhaps an intensifying factor; it has also a unit 
for curliness and a factor that stops it from growing beyond 
a certain length. Doubtless there are other units in the tuur 
alone ; and the other dermal organs are doubtless likewise com- 
poimd. The organs of special sense, like the eye and ear, are 
Kpecial modillcations of small portions of the skin ; but in these 
limited areas are concentrated scores of unit characters — units 
in the membranes limiting the middle ear, in the auditory 
oesicles, in the basilar and Reisanerian membranes, in the 
soalte and in the duct^. The whole body is built up of units, 
like a mosaic, and each of these is a imit of inheritance. If the 
determiner of one of these units is lacking in the germplaam 
or if ail additional determiner is present, this peculiarity 
inherited. And, whenever the germplasm of one parent differrf 
from that of the other in the presence or absence of even oi 
unit the nature of the offspring will depend on the methi 
oF inheritance of that character. 

The first and most fundamental law of heredity is thial 
Whenever a unit character is absent in both parents, it is aj»ei 
also in their germplasms and it will be absent in their offspring. 
For instance, the white hair of albinos or even flaxen hair 
results from an absence of black pigment in the hair and indi- 
cates an a1)sence of a pigment di^terminer in the germplasm. 
Two such parents cannot have dark-haired offspring. Again 
blue eyes are due to an absence of brown pigment. Two pure 
blue-eyed parents cannot have brown-eyed children. Strai^t 
hair lacks the curling fai^tor. Two perfectly str&ight-haired 
parents do not have curly-haired offspring. 

The law just stated must be applied with caution. For ex- 
ample, congenital deafness is often indicative of the absence 
of some unit characters essential to hearing. It might, accord- 
ingly, be concluded that two congenital deaf-mutes could have 
only deaf children; but this is contrary to experience. The 
fUlacy lies in the fact that congenital deafness may be due to 
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the abtence of different factors in the two parents; both may 
not lack the same character; between them all characters may 
be represented and, consequently all characters essential to hear- 
ing may be present in some or all children. Similarly, two 
congenitally blind parents may have normal-sighted children. 
In order that an organ should be defective in all of the oflbpring 
it is n ec e ssa ry that there should be the same defect in both 
parents. 

It is probable that the law of absence holds also for psycho- 
logical characters. I have examined the records of the *' Juke" 
and ''Zero" families and it appears, so far as the limited data 
go, that when ambition, activity and love of work are absent 
from both parents all of the diildren are vagabonds and re- 
cipients of outdoor relief, although the same mother may have, 
by an effective criminal, children that stand weU in the com- 
munity. All of these are examples merely of what seems to 
be a universal rule ; namely, that a character absent from both 
parents cannot reappear in the oflbpring. In the language 
of the Mendelian doctrine the parents are recessive in respect 
to the character and two recessive parents produce only reces- 
sive offspring. You will not fail to note the importance of this 
principle in eugenics — the science of proper breeding. Since 
two parents with the same detrimental defects will have children 
with these defects it is surely undesirable that they should 
marry and perpetuate the abnormal condition. 

Right here we see the peculiar danger from consanguinity. 
The chances that two parents defective in any respect, as, for 
instance, hearing, should lack the same unit character increases 
the more nearly related they are. In the case of deafness, for 
instance, which may be due to so many causes, the chances 
that two congenitally deaf cousins should have the same unit de- 
fect is larger than for unrelated couples. Consequently the 
children of two cousins would more frequently be deaf than 
those of unrelated parents. This is strikingly the cane. Thus, 
Bell, in his census report on the deaf, flndn that "the percentage 
of congenitally deaf children in nearly three timen aa great as 
smong those whose parents were not related. ' ' Fay finds that 
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about half (45 per cent.) of eoosanguinous marriages 
parents result in deaf offspring. Thirty per cent, of the 
children of such mairiagres are deaf as contrasted with 9 per 
cent, of the children of non-consanguinous deaf parents. In- 
deed, it is asserted that parents with more than two oongenitally 
deaf children are almost always close relatives. It seems not 
improbable, from all the Btatistics, that whenever both parents 
are oongenitally deaf from the same cause, all of the cluldreii 
will he congeni tally deaf. 

As with ear troubles, so also with those of the eyes. Relatives 
are more apt to have the same unit defect. Over one child in 
every four, it is stated, having retinitis pigmentosa is derived 
from a consanguinouB pair. Again, the statistics of the Syra- 
cuse Institution, as worked up by Dr. Hrdlicka. show that V 
per cent, of the cases of hereditary feeblemindedness are froi 
consanguinous parents and that there is at least three times 
much consanguinity in the parentage of feeble-minded children 
88 ill the population at large. Such statistics lend no support 
fo the old view that consanguinity is. in itself, dajigerous. 
a matter of fact it often seems quite innocuous. This is i 
when both parents are from a strain without important defect 
The disastrous defects vary in different cases with the natui 
of the parental weakness. In some experiments with 
inceattious breeding has led to sterility, in others to cripplt 
Tn my poultry one inbred strain is charaet«nKed by 
resistance to eoccidiosis, another is remarltedly infertile. 
can imagine cases where, with perfect parents, inbreeding woi 
result in perfect offspring, but with the bodily imperfectii 
found in most families the practice is fraught with danger. 

If, in contrast to the foregoing cases, the parent in whoi 
a unit character is lacking be married to one who possesses it,- 
then the nnit character will reappear in the offspring. There 
are, in such cases, two sorts of familiea. In one sort 100 
per cent, of the children possess the character; in the other 
only 50 per cent. This principle in heredity may be illustrated 
by eye-e/)lor. If in the one parent the iris lacks brown pig- 
ment (blue oyca) while in the other it is preseot then in 
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of the families all children will have brown eyes, and in the 
rest about half the children will have brown eyes and about 
half blue. Again, if one parent have dark brown or black 
hair and the other light hair, then it will be found that in some 
families the children acquire as they grow older dark brown 
hair, while in otlier families there is a large proportion of light 
brown and golden hair. What is the meaning of this result t 
When a germ cell with pigment present meets a germ cell with 
pigment absent, the resulting zygote contains, of course, the 
pigment forming enz>'me and pigment is produced in the hair 
of the offspring. But, two features of such offspring are to be 
noted: first, their pigment-forming capacity has been diluted 
and reduced by the introduction of the unpigmented germ cell 
(so that the hair of the child will not be so dark as that of the 
darker parent), and, secondly, the child carries two poten- 
tialities of which one is covered over by the other in the samCf 
but both of which are segregated in the germ cells, so that 
some possess and some lack it. Such a hybrid between the 
two characters — pigment and no pig^ment — is, in Mendelian 
language, a heteroz>'gote ; its soma is hybrid but its germ cells 
are "pure*' again — half of them light; half dark. Now. if 
such a pigmented heterozygote is mated with a consort having 
no pigment, the pigmentless germ cells of the latter will unite 
with the two sorts of germ cells of the former in equal numbers. 
Half of the children will be light ;• half dark. This gives us the 
family with an equality of light- and dark-haired children. 
In the families where all children are dark, the dark parent 
was not heteroz>'gous. The dark progeny of a light and a dark 
parent are, however, all heterozygotes. 

If instead of a heteroz>'gote mated to a light consort we 
have two heterozygotes mated together then (in large families) 
the chances are that there will be an equal number of the follow- 
ing four combinations of germ cells. Light x light ; light x dark ; 
dark X light, dark x dark. The first combination will produce 
light children ; all of the others, dark. The proportion is 1 to 3. 
Now, in man (as in other organisms) the varioiiH characters of 
the body are inherited quite independently of each other. Thus 




there are straight-haired, blue-eyed individuab, and curly- 
hured, blue-eyed. As one can predict the proportion of bltw 
eyes in a family, bo can one predict that of straight hair in the 
same family. Two parents, heterozygous in respect to both 
eye-color and hair form will give to one-quarter of their chil- 
dren light eyes, also to one-quarter BtraJght hair. In the long 
run only one-fourth of the blue-eyed children will have straight 
hair and one-quarter of the dark-eyed children will have 
straight hair; all the others will have twisted hair. Or, in other 
words, ViJ^Vi (one-sixteenth) will be straight haired and blue 
eyed ; three-sixteenths will be curly haired and blue eyed ; three- 
sirteenths will have straight hair and dark eyes and nine-six- 
teenths will have curly hair and dark eyes. These proportions 
are, indeed, actually realized. 

It will be seen from the foregoing illustrations that the new 
knowledge concerning heredity enables us to predict the propor- 
tion of children of each kind when the parents and the grand- 
parents are known. The question may now fairly be asked in 
how far do the principles of heredity here set fortli apply to 
human characters in general T It is clear that if we knew tha 
methdds of inheritance of temperamental characters, of varimii 
kinds of special ability, even of pathological and teratologics! 
characters, it would mark a great advance in eugenics. But, 
as a matter of fact, very few cases have been worked out. In 
the case of albinism, which is only an extreme ease of abaenofl 
of pigment, the rule given for blonds holda In the case of 
musical ability Ilorst finds some evidence that the presence of 
the talent is dominant over its absence. 

In the case of short fingers, involving a reduction in the 
number of phalanges, the normal condition is receswve. The 
short fingers seem to be due to an inhibiting factor, an arrest 
of development, and this dominates over its absence, Similsrijr 
syndactylism and the associated phenomenon of nplit hand 
is dominnnt over the normal. Normal children out of an abnor* 
mal family of brachydactyla or sj-ndactyls are in no mope 
danger of having abnormal progeny than normals out of any 
other family. This shows us how important ie a knowledge 
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of the ni-omivi> »in(litmn in any abnormality, (i4h<>rwiM> hard- 
Khip may In> wroiiithL ii|><in nitimvv indiviiliialx who arc normal 
\>y impn>|u>rly ailviHing thrni that thrn* is dandtir of thoir tram- 
niiitiiiR the Hlinormalily. 

In tlk- i>aHf of bltH-tlinii, or hvinnphilia, wv have an abnor- 
niiiliiy that m ni^tiMhv. In thia ojuie tb<> alHiormality may be 
rnrrictl by a normal piTMin Rn<l IIM) por cpnt. nf thi' children 
of two with nUncirninl t<*i»li>nrii<<i will be abnomiat. Orlainty 
KHrh niarrian'-H an* Ixnind to lio (liaaiitroiu. 

Hi-<-<'ritIy w<- havr Ixn-n providfti by Ncltlnthip ' with a re- 
in»rkiilil<- jxtlitinf of a family vxhibitinn niKht-blindncw. Tbv 
Mnrrnal i-imi)itiiin in ntt-MUw, and Iwii normal oflrKprintr of 
iiliiiiiniiul pan'ntH pHNlnrt', wh<-n nuirriiH), no dixcaM^I nttnprinfc. 
On till' "thiT hand, ua Mr. I'linnHt ban latrly puintH ont* io 
iilknptoniirin tht- diwiiM-cl rondition ia pmbably rprmmive to 
lhi> noniinl, wi that two normal (h(>t4>nwyKoiiH) parentx may 
liav<- diHi-nwHl ohibln-n. 

Till- Ki'niTal prim-ipli> that thi> offitprinft r<>v'>al nothinft that 
is nut i-i>ntrilmt<-4l by Ihi- |mr<>nta weina rfmtradiftod by the 
fnrttt that har<' bmn )M>cn known nndi-r the name of rPTi>niinn, 
or harkiiis; luu-k to a n-niott' aniifitory. Tht> brM'dpm nf hnth 
pliiiiti) and animaN bavi> hinn "cxplainiNl" nnttxtN'ctcd ffnulta 
<iii thin i;r<)un<l. ItfviTHiiin ia, howi-vtr, not dilTerpnt frnm nor- 
iiiiil iiitii-rilnnif. Wht-ii two cnniri'nitally deaf pannta have 
hiarinir i-hiMn-n tbt' nfiiill in of thi> clain eallml rpveraion. 
Itnt IbiN nwilt ia caaily a<*<i>iinli-(l for, aa already aiifCfp-ated, 
by lb" hy|Hitb<-His that bcarinK de|M'ii<lH on varimin faeton. any 
onf of which U'inK atiwrit di-afnem enaiira. Say, for example, 
that ihr fiKlors nn- A and IV If the father laeka A Init haa B, 
while the mother hna A )>iit larka H. then while Itfith parenta 
will Ih< ilt'af. the oirNprinR fha^-inn both A and H) will hear. 
I may illimtrale reveraion by a eaae in ponltry. I crnaaed a 
white Irf'trhorn eook upon a white fiilky hen. The offxprinK mrv 
ubiti- esr-ept for a re<l wine-ltar in the male and a nlirbtly red- 

■(i|.tlinl..i..|..,-icnl S.-'i.iv "f lli.- I'titlfl Kilii.'-l-tti Trati.artiiitia. 

' PrtN-n-.liiiLi' •■! the Itovnl 8«rie(y of Ueilirine. Mnrrh. 1!HIH. 
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diah breast in the female. I mated the hybrids together, and 
ia the next geDcration got, among other things, some red and 
black game-colored birds, almost exactly like the wild jimgle- 
fowl^the reputed ancestor of the domestic fowl. The explana- 
tion is simple. Both fowl have the jungle-fowl type of color- 
ing, but in the white Leghorn thia is obscured by "graying" 
while in the white silky a pigment-forming enzyme is apparently 
lacking. The first generation of hybrids has the pigments 
forming enzyme, but its work is obseured by the "graying" 
factor. In the next generation this is eliminated from certain 
individuals, which then show the black and red pattern 
unhindered. 

Another complication in heredity is the fact that a heterozy- 
gous character is usually different from the pure dominant char- 
acter. It is sometimes a more or less complete blend. In the 
second hybrid generation pure dominants reappear, but often 
the development of a character seems interfered with in such 
extracted dominants ; so that it may stop at an incomplete stage. 
Thus, dark brown and flaxen hair usually yield some light 
browns. Such, bred together, produce a brown that is less 
intense than that of the dark ancestor. It is as though in the 
extracted dominants the development of the black pigment is 
stopped prematurely. I imagine such a result will be found to 
be quite common among people. 

A beginning only has been made in the interpretation of 
the faeta of heredity in tlie light of the new knowletlge. The 
great need is more data; the problem how to get it. There 
is in this city the greatest commingling of races and character- 
istiee that the world has ever seen. Great is our opportunity 
therefore to study the inheritance of such diverse characters. 
Hardly in any other place are there such extensive institutions 
for criminals, the insane, crippled, blind and deaf, disensed in 
various ways, poor, and incompetent. Hundreds of superin- 
tendents, officers, pbysieians, and siirgefms have the opportunity 
and sometimes the leisure In ask the critical tjuestions of 
patients to cuter the answers upon blanks and to work up the 
statistics or turn them ovor to other students for further stud^'. 
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